Hydraulic Model
Update to Support

Preliminary
Engineering

for the
Wet Weather Capacity
Improvements

at the
East Street and
Boulevard Pump Stations

and the

East Shore

Water Pollution
Abatement Facility

Prepared for

Greater New Haven Water
Pollution Control Authority,
New Haven, Connecticut

WEAR Vet Wreathas Vericonan - bhay 16, 2907

CH2MHILL
May 2008
Final Review Draft

GNHO0016




Kickoff Meeting and
Workshop Notes

GNHO0016-001



KICKOFF MEETING SUMMARY - TASK 1 CH2MHILL

Greater New Haven Water Pollution Control

Authority

Hydraulic Modeling Update

ATTENDEES: Brian Gackstatter/ NJO George Elaro, ADS :
Bill McMillin/NJO Dominick Di Gangi, GNHWPCA
Jim Howey/PHT. Charlie Biggs, GNHWPCA
John Torre/NHV Tom Sgroi, GNHWPCA
John Rickermann/NHV Gary Zrelak, GNHWPCA
David Archard, ADS

COPIES: Michael Domenica/BOS Rita Fordiani/BOS
Tony Parolari/BOS Perrin Niemann/DEN
Peter Keefe/ CLE

FROM: William E. McMillin, Jr,, D.L.

DATE: March 27, 2007

PROJECT NUMBER:  350590.WW.07.01

A kickoff meeting was held on March 27, 2007 at the Greater New Haven Water Pollution
Control Authority’s East Shore Water Pollution Abatement Facility (WPAF) to initiate a
Hydraulic Modeling Update project.

The agenda for the meeting was as follows:

Introductions and Project History
Project Summary and Objectives
Project Schedule

Task 2 - Model Update - Project List
Task 3 - Monitoring Program

Task 4 - Revise and Re-verify the Model
Task 5 - Run Model Scenarios

Moy @ b LN

Introductions and Project History

Brian Gackstatter made introduction for all in attendance that included representatives of
Greater New Haven Water Pollution Control Authority (GNHWPCA), OMI, CH2M HILL
and ADS. CH2M HILL will be leading the Hydraulic Modeling Update project. ADS will
be performing flow metering in the GNHWPCA collection system.

David Archard provided a brief history of ADS, past work for the GNHWPCA and changes
that have been made at ADS since then, and its current capabilities and commitment to the
GNHWPCA.

NJ0/2007-03-27 NEW HAVEN HYDRAULICS KICKOFF SUMMARY.DOC 1
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HYDRAULIC MODELING UPDATE

Brian Gackstatter then described the project history. The project is a recommended action of
the ongoing project for Preliminary Engineering for the Wet Weather Capacity
Improvements at the East Shore WPAF. A hydraulic model was previously developed by
CH2M HILL for the GNHWPCA's long-term CSO control planning effort. The model was
recovered for the Wet Weather Capacity Improvements project and used to characterize
current hydraulic conditions in the collection system for performing preliminary
engineering of pump stations and the WPAF. The model then was used to evaluate
preliminary engineering alternatives using the two-year design storm in the GNHWPCA's
Short and Long Term Control Plan (STCP, LTCP).

Many elements of the STCP and at least one element of the LTCP (Truman Tank) have been
implemented since the model was constructed and calibrated.! Therefore, CH2M HILL
recommended that the hydraulic model be updated by collecting new collection system and
WPAF data to verify that the model is representative of existing conditions and
performance.

Project team roles are as follows:

Mike Domenica (Client Service Manager)

Brian Gackstatter (Project Manager)

Bill McMillin (Task Leader and Senior QC of I1ydraulics)

Tony Parolari (Hydraulic Modeling)

Peter Keefe (Senior QC of Flow Monitoring)

Perrin Niemann (Hydraulic Modeling Consultant/Historian)
Rita Fordiani, Peter von Zweck (Senior Consultants/Hislorians)
David Archard (Flow Metering Contractor Lead)

George Elaro (Flow Metering Contractor - Field Manager)

Notes from the meeting are as follows:

Project Summary and Objectives
The project has for primary objectives as follows:

1. Update the Model to Reflect 2007 Conditions
2. Conduct a Flow Monitoring Program

3. Revise and Re-verify the Model

4. Run Model Scenarios

Information and data will be collected from the GNHWPCA and OMI to establish existing
conditions in the collection system and at the WPAF. The hydraulic model was originally
constructed using as-built plans and other information on conveyance, regulators, tide
gates, pump stations, siphons, WPAF headwords and other system components.
Information will also be gathered to identify the implementation status of STCP and LTCP
elements. The information will be compiled to update the model and assure that it is
representative of existing conditions.

1 STCP and LTCP elements are documented in GHZM HILL's Iechnical Memorandum #1 4, Long-Term CSO Control Plan,
Final Report (April 2001)

NJO/2007-03- 27 NEW HAVEN HYDRAULICS KICKOFF SUMMARY.DOC 2
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HYDRAULIC MODELING UPDATE

A flow monitoring program will be conducted throughout the collection system to observe
dry and wet weather flow for a period of at least six weeks. Details of the program will be
described below.

Hydraulic elevation and velocity data collected during the flow monitoring program will be
used to validate the hydraulic model. If model calculations adequately reproduce
observations, the model will be deemed representative of existing conditions. Model
paramelers may need to be adjusted considering the changes made to the system since the
model was originally calibrated.

Model simulations will then be performed using the two-year design storm to characterize
existing conditions to prepare for preliminary engineering work.

Project Schedule

The project schedule is shown in Table 1.

TABLE1
Project Schedule: Hydraulic Model Database Updates and Results Verification

Task Schedule

Task 1 — Kick-off Meeting and Project Workshop March 2007
Task 2 — Hydraulic Model Improvements 4/2/07 — 5/18/2007
Task 3 — Short-term Flow Monitoring Program 4/16/2007 - 5/25/2007
Task 4 — Model Performance Evaluation 5/23/2007 — 6/1/2007
Task 5 - Long-term and Extreme Fvent Simulation 6/1/2007 — 6/15/2007

The project was originally scheduled to start at the beginning of March. Task 3 flow
monitoring will most likely begin at the middle to end of April. Flow monitoring may be
extended if insufficient rainfall is experienced during the scheduled period. ADS will be
able to extend their activities with short notice.

Task 2 - Model Update - Project List

A list of projects planned for implementation was developed from the STCP. CH2M HILL
intends to integrate completed projects into the hydraulic model. The project list and status,
is as follows:

Livingston St, Phasc I and II - completed
Orange St Phase II - completed

Orange, Bishop, and Clinton - completed
Lombard St East - ongoing?

Wooster Square - completed

Humphrey St - completed

Kimberly Avenue and Columbus - completed
Elm Haven - Phase I and II completed ?
Truman Tank - modifications

©100 . OV (G W LA0 S
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HYDRAULIC MODELING UPDATE

Fxact status of these projects will be verified at a later date. Tony Parolari will meet with the
GNHWPCA and OMI to review details on the projects.

Other Data Needs:

e Cross Connections - Most likely not implemented, need to verify.

» Overflow (OF)-002 Closure - Outfall buried by property owner. Discharge most likely

obstructed. Dominick Di Gangi gave instructions to seal the overflow.

e Reduce CSO at OF-008 (weir adjustment), OF-010 (seal), Portsea/ Liberty (seal), OF-015
(add stop logs) - Most likely not implemented, need to verify.

e Barnes and Quinnipiac Pump Stations - Overflows closed.

e  OF-018 - Overflow closed by sewer separation.

Monitoring Program

The flow monitoring program will be of a short duration including site investigations, meter
installation, data collection, and mater removal. Flow monitoring will be executed by
installing water depth and velocity monitoring devices in the collection system. Flow
monitoring is also being conducted concurrently by CDM around the Union Street Pump
Station, which will be available to CH2M HILL. The preliminary list of monitoring locations
is shown in Table 2.

TABLE 1
Preliminary Flow Metering Locations
Location Meters Deployed Data Type
Boulevard Pump Station / OF 024 2 Interceptor, overflow
Boulevard Interceptor / OF 003 2 Interceptor, overflow
Boulevard Interceptor / OF 004 2 Interceptor, overflow
Boulevard Interceptor / OF 005 2 Interceptor, overflow
East St Pump Station / OF 021 2 Interceptor, overflow
Union St Pump Station 1 Pump Station Effluent
OF 010 2 Interceptor, overflow
OF 011 2 Interceptor, overflow
OF 014 2 Interceptor, overflow
Humphrey Pump Station 1 Pump Station Effluent
OF 012 2 overflow
James St Siphon / OF 015 2 Interceptor, overflow
Barnes / Quinnipiac Interceptor 1 Interceptor
Woodward / Lighthouse / Morris Cove Interceptor 1 Interceptor

Total Number of Meters 24
NJO/2007-03-27 NEW HAVEN HYDRAULICS KICKOFF SUMMARY.DOC 4
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Dominick Di Gangi questioned the selection of monitoring locations and expressed his
concern that all suburban areas are not being monitored, and overflows are not being

monitored throughout the system, especially in Fair Haven. CH2M HILL will review and
revise the list to assure that all data quality objectives will be met.

Additional commnenls on the locations:

e “BQI” will have to be upstream of the current location due to property conditions.
e Flow monitoring data from recording devices are available from the pump stations in
several formats including circular charts, on-site meters, and telemetry to the WPAF,

Provisions for traffic control were not in the project proposal. Traffic control will have to be
coordinated through the GNHWPCA with the New Ilaven Iolice Department.

The data objectives are to develop hydraulic elevation, velocity, and calculated flows
throughout the collection system for validating the hydraulic model. The goal is to update
the model to be representative of existing conditions and validate its appropriateness for
preliminary engineering analyses.

Data and information compiled from the GNHWPCA and OMI for STCP and LTCP
implementation, other collection system projects and conditions, as well as data collected
during the flow monitoring program will be submitted to the GNHWPCA.

Task 4 — Revise and Re-Verify the Model

This task will be performed once sufficient progress is made in Task 2 and while Task 3 is
being executed. The model configuration will be updated to represent existing conditions
characterized in Task 2. Dry and wet weather calibration periods will be identified from the
rainfall record of the Task 3 monituring period. The model will be validaled compared lo
hydraulic elevation observations and flow calculations/ observations for these periods.

Task 5 - Run Model Scenarios

At a minimum, a model simulation will be performed of the existing condition using the
two-year design storm in the LTCP. Additional scenarios may be performed to evaluate
other conditions identified by the project team that are valuable to preliminary engineering
and LTCP implementation.

Actions to be Taken

e CH2M HILL to provide a list of STCP Projects for GNHWPCA confirmation.

o CH2M HILL to provide list of data needs to the GNHWPCA including as-builts, flow
data, etc. required for model update.

o CH2M HILL to meet with the GNHWPCA and OMI to review details on the project
implementation.

¢ CH2M HILL to review and revise the list of flow monitoring locations to assure that all

data quality objectives will be met including monitoring of suburban areas, overflows
and Fair Haven.

e CH2M HILL to coordinate traffic control for the flow monitoring program through the
GNHWUPCA with the New Haven Police Department.

NJO/2007-03-27 NEW HAVEN HYDRAULICS KICKOFF SUMMARY.DOC 5
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TECHNICAL MEMORANDUM - TASK 2 CH2MHILL

Greater New Haven Water Pollution Control Authority

Wet Weather Capacity Improvements - Hydraulic
Model Update

Hydraulic Model Improvements

PREPARED FOR: Greater New Haven Water Pollution Control Authority
PREPARED BY: CH2M HILL

DATE: April 22, 2008

PROJECT NUMBER: 350590

Introduction

The Grealer New [laven Water Pollution Control Authority (“the Authority”) maintains a
mathematical hydraulic model of its collection system. The model was originally
constructed and calibrated during long-term combined sewer overflow (CSO) control
planning. The Authority has since used the model to evaluate and finalize engineering
alternatives while implementing its short- and long-term control plans. With plan
implementation proceeding, the model was out-of-date with respect to changes that were
made to the collection system but not simulated in the madel. Furthermore, the model was
intended to be used as a planning-level tool, and is since being used for more precise
engineering design. Therefore, the Authority is conducting a Hydraulic Model Update task
to update the model, verify that it accurately represents existing conditions, and to have a
maore current tool for evaluating engineering alternatives.

The first two actions to be taken in the Hydraulic Model Update task was gathering
information and updating the model in a Hydraulic Model Improvements subtask.
Information on short- and long-term control plan implementation was gathered as well as
any other data or information relative to collection system design and operation. This effort
yielded information on sewer separation projects, pump station changes, and other
collection system modifications that were relevant to model simulations. The physical
representation of the collection system was then updated in the model. This technical
memorandum describes the information and data collected as well as the improvements
made to the hydraulic model.

Background and Purpose

During recent modeling activities to support Preliminary Engineering for Wet Weather
Capacity Improvements, it was found that planning-level hydraulic modeling scenarios

10F 42
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previously developed to support the Authority’s Long-Term Control Plan (LTCP) did not
include project changes implemented during design and construction phases. Further, the
level of detail included in the model, although adequate for planning, is not sufficient for
detailed design of system improvements, including prediction of average and peak wet
weather flows conveyed to the East Shore Water Pollution Abatement Facility (WPAF).

Because major capital projects (such as the Wet Weather Capacity Improvements) and their
associated costs will be based on design information developed using the system model, it is
imperative that the model be as up-to-date and accurate as possible for use as a planning
and design tool. The Preliminary Engineering recommendations developed by CH2M HILI.
are based on the existing planning-level hydraulic model. The finalization of these
recommendations required the model updates and performance evaluation activities
described herein to confirm design parameters and the benefits of these recommendations,
prior to the start of detailed design.

Description of Collection System Hydraulic Model

The Authority’s collection system hydraulic model was originally developed in 1998 to
support the CSO LTCP and calibrated as part of the LTCP development. This planning-
level model is documented in LTCP Technical Memorandum #3. Sewer plan maps and as-
built drawings were used to construct the model. The software used is MOUSE, a DHI
product. The planning-level model was calibrated using several data sources collected in
the late 1990s, including:

e Twelve City boundary meters recording flow, depth, and velocity during 1996 and 1997;

e Flow data from the Boulevard, East Street, and East Shore Water Pollution Abatement
Facility (WPAF) pumping stations from July 1996 to June 1997;

¢ Rainfall data collected at the Cast Shore WPAF from 1994 to 1997 and long-term records
from the Tweed Airport, Bradley Airport, and Lake Saltonstall U.S. Geological Survey
stations;

¢ A flow metering program conducted in 1997, described in LTCP Technical
Memorandum #5; and,

e A block-testing program and sediment inspection in the Boulevard Interceptor
conducted in 1999, which led to further calibration and model updates delivered in
November 1999,

The current model has the following scenarios:
e 2007 Existing Conditions - represents the collection system as it exists.

¢ Long-Term Control Plan (LTCP) Scenario I - represents the 2007 Existing Conditions
model with the addition of all the LTCP I recommendations as defined in the Collection
System Hydraulic Modeling Report (TM 1A- Collection System Hydraulic Modeling,
April 2008); and

20F 42
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e LTCP Scenario II - represents the LTCP I model with the addition of all the T.TCP IT
recommendations as defined in the Collection System Hydraulic Modeling Report (TM
1A- Collection System Hydraulic Modeling, April 2008).

Purpose and Goals

The Hydraulic Modeling Update task delivers a planning-level hydraulic model that
accurately represents current collection system conditions that is appropriate for supporting
long-term planning and design of major conveyance projects. The hydraulic model may
require additional refinement in the future to support detailed catchment studies or facility
design projects. The model updates and performance evaluation were necessary to
complete Preliminary Engineering of Wet Weather Capacity Improvements.

The purpose of this hydraulic model improvements subtask was to update the Authority’s
hydraulic model to reflect 2007 existing conditions in the collection system. The following
actions were completed as a part of the Hydraulic Modeling Updatc task:

¢ Conducted a short-term, flow-monitoring program;
¢ Evaluated model performance to verify that the model reflects current conditions; and,
e Prepared model scenarios for LTCP planning and design evaluations.

The goal of the Hydraulic Model Improvements subtask was to prepare an updated
hydraulic model suitable for continued planning purposes, with the following scenarios:

e 2007 Existing Conditions;
e Long-Term Control Plan (.TCP) Scenario I; and
e LTCP Scenario IL

This technical memorandum describes technical work efforts performed in the Hydraulic

Model Improvements subtask to compile information and physically update the hydraulic
model to 2007 existing conditions.

Methodology for Model Updates

The methodology to update the hydraulic model consisted of several key information and
data compilation efforts that focused on modifying the planning-level hydraulic model to
represent existing collection system conditions. A data request was submitted to the
Authority on April 4, 2007 to request and track the compilation of information on STCP and
LTCP implementation, other collection system projects, or operational information related
to collection system performance. This was conducted to define hydraulic model data
needs.

30F 42
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The information and data collection effort was focused on collecting the information
necessary to update the model as follows:

e Several sewer separation projects performed as part of the Authority’s STCP have been
completed; others are near completion. The locations and characteristics of the
separation projects were collected and verified by reviewing as-built plans. Similar
information was collected on field corrections to cross-connections and modifications
made to combined sewer regulators and overflows.

¢ TField verification of pump station equipment and/or operations and other system
components was conducted. Pump curves based on differential head were collected or
developed from manufacturer and field test data. Pump control logic was also
compiled. Force main fittings, bends, expansions and contractions, and other sources of
localized energy losses were derived from system as-built drawings. True force main
profiles and ground surface elevations were developed to facilitate accurate prediction
of system operating pressures.

e The Truman Tank was constructed along the Boulevard Interceptor as part of
implementing the Authority’s LTCP. However, the tank was not constructed in the
location originally recommended in the LTCP due to site constraints. As-built plans and

contract documents used in design support as well as current operational procedures
were compiled.

e Operations at the headworks of the WPAT were verified with Authority personnel.

Data and information compiled for this task was prepared in spreadsheet format to be
compatible with model import formats. The hydraulic model database and scenarios were
then revised. A 2007 Existing Condition model was constructed with the updated
information compiled for drainage areas, conveyance, regulating structures, outfalls, pump
stations, force mains, storage tanks, WPAF headworks, and other system components that
affect hydraulics. The overall conceptual elements and CSO control goals of the LTCP are
unchanged.

Existing Model Updates

The information and data collection effort yielded valuable data on sewer separation
projects, pump stations, cross connections, CSO regulators and outfalls, and the
construction and operation of the Truman Tank. Projects or operation changes conducted to
implement the short- and long-term control plans will affect runoff, conveyance, and control
of dry and wet weather flow, CSOs, and WPAF performance. Therefore, CSO outfalls
affected by the projects are also noted for reference. The following describes the
information gathered and modifications made to the model necessary to accurately simulate
the collection system.

Sewer Separation Projects

A number of sewer separation projects were active (ongoing) at the time of long-term
control planning, and were integrated as elements of the STCP. Many of these projects are

4 0F 42
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completed, some are substantially completed (as-builts pending), and the remaining projects
have been divided into phases and are partially complete. The following eight sewer

separation projects were considered active during original model development and/or were
listed in the Authority’s STCP (CH2M HILL, 2001):

Livingston Street Phases I and II (not in STCP),

Orange Street Phase II,

Orange/ Bishop/Clinton/ (Middletown),

Lombard Street East Phase I,

Wooster Square,

Kimberly/Columbus North

Kimberly/Columbus South,

Humphrey Street (later revised to two projects: North and South),
Elm Haven Phases I and II, and

Lombard Street East Phase II.

Exhibit 1 illustrates the project areas and combined sewer outfalls affected by the projects.
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EXHIBIT 1
Sewer Separation Project Areas
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As-built plans and contract documents, GIS data, and the model catchment database were
used to develop the information necessary to update the hydraulic model and accurately
simulate completed or ongoing sewer separation projects. The following steps were
followed to identify the model catchments affected by separation and determine model
changes necessary to reflect as-built conditions:

1. Identify streets and blocks separated in each project using as-builts, etc.
2. Identify combined sewers that were separated along these streets in the GIS.

3. Overlay modeled runoff catchments with separated streets to identify associated
catchments.

4. Determine the Areal Reduction Factor (ARF) necessary to accurately represent rainfall-
runoff characteristics in the model.

The ARF was used during the Authority’s original LTCP modeling effort to address
differences between the runoff response from combined, separated, and partially separated
sewer systems. It represents the “effective” area for each type of sewer system and reflects
the variation in response. For example, combined sewers do not capture 100% of the rain
because of surface ponding and direct runoff to receiving waters, while separated areas may
exhibit a significant response to wet weather due to infiltration and inflow (I/I). Adjusting
the ARF in the model unly changes the effective runoff area, it does not change surface
runoff characteristics such as percent imperviousness or hydraulic pipes and connections in
the model. A detailed description of the ARF can be found in the Authority’s LTCP
Technical Memorandum #3 (CH2M HILL, 1998, pp. 88).

The ARFs used in the Authority’s hydraulic model are as follows:

¢ Combined (C) - It is assumed that approximately 25% of rainfall is lost to direct runoff
to waterbodies or in poorly drained areas, so that only 75% of the catchment can be
considered hydraulically effective.

e Partially Separated (P) - In these areas, construction projects have rerouted runoff from
streets in storm sewers, but runoff from roofs is still directed in the sanitary sewers. The
ARF for partially separated catchments is 25%. In some separated catchments, the sewer
separation project did not address all catch basins in the catchment. An ARF of 50% is
assigned to these catchments, which are identified as such in the discussion to follow.

» Separated (S) - For separated areas, the ARF is 10% to allow for a small runoff
contribution to sanitary sewers.

The following describes each sewer separation project and how they are represented in the
Authority’s hydraulic model update.

70F 42
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Livingston Street Phases | and ||

Portions of the Livingston Street Phases I and II separation project were ongoing or
completed at the time of long-term control planning. This project direclly affects combined
sewer overflows to the Mill River at CSO outfall 012 and 013. The 2007 Existing Conditions,
LTCP Scenario I, and LTCP Scenario 2 hydraulic model were constructed to reflect the major
portions already completed. Since as-built drawings or contract documents were not
available for the project, it is not clear how to dctermince which arcas were actually
separated by project phases. Therefore, the Authority’s GIS database was referenced for
information regarding the current status of catchments in this area.

The GIS database yielded information indicating that at least one additional catchment
(QO8N100) was separated than earlier anticipated for the Livingston Street project when
long-term control planning was conducted - an area along Cliff Street at the northern border
of the City of New Haven. Exhibit 2 illustrates the areas anticipated and actually separated
by the project, and the remaining area along Livingston Street.

The left panel of Exhibit 2 illustrates the actual condition (combined, partially separated, or
separated) of each catchment as represented in the LTCP Study. All of these catchments are
specified as partially separated with the exception of the combined area along Livingston
Street, between East Rock Street and Cold Spring Street.

The right panel of Exhibit 2 illustrates the status of each catchment as represented in the
most recent GIS database (Applied Geographics, 2007). In this data, the Cliff Street
catchment is shown as partially separated; whereas the Livingston Street catchment is still
combined. Therefore, the 2007 Existing Conditions, LTCP I, and LTCP II hydraulic models
were updated to represent the Cliff Street catchments as partially separated, with an ARF of
25%, and the Livingston Streel calchment as combined.

Exhibit 3 summarizes the status of each catchment in the Livingston Street Phase I and II
area, and how it is simulated in the model using modeled effective areas.
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EXHIBIT 2
Livingston Street Phases | and Il Sewer Separation Project Areas
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Ei)::\:aaslt:: Street Phases | and |l Sewer Separation Projects Catchment Status and Modeled Areas
Catchment Status ‘ Modeled Effective Area {(acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
ID Model Assumption Model Total Model Assumption Model
P10NO80 (o P P 13.9 104 35 3.5
QOSN100 Cc P P 8.2 6.2 21 2.1
QO9N100 c P P 17.5 13.1 44 4.4
QO9N220 c P P 6.9 5.2 1.7 1.7
QO9N410 C P P 10.8 8.1 2.7 2.7
Q10N030 c P P 11.2 8.4 238 238
Q10N030 c P P 9.6 7.2 24 24
Q10N230 Cc c c 144 10.8 10.8 10.8
Q10N510 Cc P P 11.3 8.5 28 28
QO8N100 c P P 7.8 58 1.9 1.9
Total - - - 111.6 83.7 35.1 35.1

Note: Catchment status notation describes ARF assignment of C = Combined (75% runoff reduction), P = Partially
Separated (50% runoff reduction), and S=Separated (10% runoff reduction) in the hydraulic model.

Orange Street Phase |l

The Orange Slreet Phase Il sewer separation project was completed in September 2003. This
project area is approximately centered on Saint Ronan Street, Lawrence Street, Foster Street,
and Cold Spring Street. The project directly affects combined sewer overflows to the Mill
River at outfalls 010 and 012. Exhibit 4 illustrates the areas anticipated and actually
separated for the project.

Exhibit 4 illustrates how the as-built separated area matches well with that originally
anticipated - all catchments originally anticipated for separation were partially separated;
except Edward Street between Prospect Street and Whitney Avenue. Upon further
inspection of sewer separation as-built drawings, it was found that this street was instead
partially separated under the Orange/Bishop/Clinton sewer separation project discussed
below.

The geographic land area that encompasses the Orange Street project is 174.2 acres; of which
122.5 acres (approximately 70% of the land area) contribute wet weather flow to the system.
The LTCP Study modeled effective area following planned sewer separation was to be
reduced by approximately 64% to 43.6 acres. There is no change to the modeled effective
area in the 2007 Existing Condition model. Exhibit 5 summarizes the status of each
catchment in the Orange Street Phase Il area, and how it is simulated in the model using
modeled effective areas.
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HYDRAULIC MODEL IMPROVEMENTS

EXHIBIT 5
Orange Street Phase |l Sewer Separation Project Catchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
ID Model Assumption Model Total Model Assumption Model
P12N020 C P P 20.8 224 75 7.5
P12N300' c P P 17.2 12.9 43 43
Q10N140 c P P 7.0 53 1.8 1.8
Q11N030 C P P 5.1 38 1.3 13
Q11N030 c P P 86 6.5 2.2 22
Q11N110 c P P 6.5 49 16 1.8
Q11N110 C P P 7.7 58 1.9 1.9
Q11N370 C P P 94 71 2.4 2.4
Q11N450 Cc P P 13.8 10.3 34 3.4
Q12N160 Cc P P 7.2 54 1.8 1.8
Q12N360 Cc P P 4.2 3.2 1.1 1.1
Q12N410 Cc P P 149 11.2 3.7 37
R10NO40 P P P 7.4 1.8 1.8 1.8
R11NO10 P P P 9.8 7.4 2.5 2.5
R11NO20 C P P 7.0 52 1.8 1.8
R11ND40 Cc P P 8.9 22 2.2 2.2
R12N180 C P P 9.8 73 24 24
Total - - - 174.3 122.7 43.7 43.7

"This catchment was separated under both the Orange Street Phase Il and Orange/Bishop/Clinton projects.

Orange/Bishop/Clinton

The Orange/ Bishop/Clinlon sewer separation project was completed in August 2004. This
project is located in two areas divided by the Mill River, one being west of the river, and the
other east of he river in Fair Haven. The project directly affects combined sewer overflows
to the Mill River at outfalls 010 and 011, and overflows to the Quinnipiac River at outfall 018
and downstream outfalls. Exhibits 6 and 7 illustrate the areas anticipated and actually
separated by the project.

The West area is centered on Bishop Street, Edwards Street, and Lawrence Street between I-
91 and Whitney Avenue, west of the Mill River. All catchments originally anticipated for
sewer separation were partially separated in this project. Additional areas along Lawrence
Street west of Nash Street has been separated but the balance of the catchment (R13N350)
remains combined and Edwards Street, between Prospect Street and Whitney Avenue, were
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also partially separated by the project. Both of these changes are reflecled in the 2007
Existing Condition model. Exhibit 6 illustrates the status of each catchment in the West
area.

The Fair Haven area separated in the Orange/ Bishop/Clinton project is centered on Front
Street and I-91 in northern Fair Haven. Two of the five catchments separated in Fair Haven
were not anticipated in the original sewer separation project, as they were previously
considered partially separated. See the Lombard Street East section below for further
discussion of sewer separation in Fair Haven. Exhibit 7 illustrates the status of each
catchment in the Fair Haven area.

The geographic land area of the entire the Orange/ Bishop/Clinton project is 170.0 acres; of
which 106.0 acres (approximately 62% of the land area) contribute wet weather flow to the

system. The LTCP Study effective area after sewer separation is reduced by approximately
58% to 44.4 acres. The modeled effective area is 44.4 acres for the 2007 Existing Conditions
model (a 58% reduction). Exhibit 8 summarizes the status of each catchment in the

Orange/Bishop/Clinton project, and how it is simulated in the model using modeled
effective areas.
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Orange/Bishop/Clinton Sewer Separation Project (West) Areas
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EXHIBIT 7
Orange/Bishop/Clinton Sewer Separation Project (Fair Haven) Areas
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EXHIBIT 8
Orange/Bishop/Clinton Sewer Separation Project Catchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
ID Model Assumptlon Model Total Model Assumption Model

P12N300 C P 17.2 12.9 4.3 43
P13N030 C P P 9.0 6.7 22 22
Q12N080 C P P 8.0 8.0 20 20
Q12N550 C P P 194 14.5 4.8 48
Q13N050 c P P 14.3 10.8 36 36
Q13N190 Cc P P 10.8 8.1 2.7 27
R13N050 Cc P P 74 55 18 18
R13N350 c - P’ 76 5.7 3.8 38
U12N560 c P P 17.5 131 44 4.4
U12N560 c P P 10.3 7.7 26 26
U12NS60 Cc o4 P 5.6 42 14 1.4
U12N560 P P P 37.0 9.2 9.2 9.2
U12N560 P P P 6.0 1.5 1.6 1.5
Total - - 170.1 105.9 44.3 44.3

' Sewer separation project did not separate all catch basins in this catchment. Therefore, an ARF of 50% was

assigned to this catchment.

Lombard Street East Phase |

The Lombard Street East Phase I sewer separation project was completed in November 2001.
This project was added as part of the Orange/Bishop/Clinton project in areas along
Lombard Street and Front Street on the eastern side of Fair Haven. The project directly
affects combined sewer overflows to the Quinnipiac River at outfall 018 and downstream
outfalls. Exhibit 9 illustrates how the areas anticipated and actually partially separated by
the project match very closely.

The geographic land area that encompasses the Lombard Street East Phase I project is 32.1

acres; of which 24.1 acres (75% of the land area) contribute wet weather flow to the system.
The LTCP Study modeled effective area with anticipated sewer separation was reduced by
approximately 67% to 8.0 acres. No model changes were necessary for the modeled
effective areas in the 2007 Existing Condition model. Exhibit 10 summarizes the status of
each catchment in the Lombard Street East Phase I project, and how it is simulated in the
model using modeled effective areas.

16 OF 42

COPYRIGHT 2008 BY CH2M HILL, INC. « COMPANY CONFIDENTIAL

GNHO0016-023



HYDRAULIC MODEL IMPROVEMENTS

EXHIBIT 9
Lombard Street East Phase | Sewer Separation Project Areas
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EXHIBIT 10
Lombard Street Phase | Sewer Separation Project Catchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions

ID Model Assumption Model Total Model Assumption Model
U13N130 Cc P P 2.5 1.9 0.6 0.6
U13N140 o] P P 12.1 9.1 3.0 30
U12N660 C P P 175 13.1 44 44
Total - - - 321 241 8.0 8.0
Wooster Square

The Woosler Square sewer separation project was completed in August 2001. This project
covers an area approximately anchored by Union Street, Water Street, Lyon Street, and [-91.
Combined sewer overflows to New Haven Harbor at outfall 021 are directly affected by this
project. Exhibit 11 illustrates the areas planned and actually partially separated by the
project.

The as-built drawings provided by the Authority indicate that all catchments originally
planned for this sewer separation project were separated, except the following:

e Catchment Q15N500 - William Strcet between Olive Street and Bradley Street, and
e Catchment Q17N280 - Franklin Street between Wooster Street and Green Street.

In addition, the as-built drawings indicate that the sewer main along Wooster Street,
between Brown Street and Franklin Street, was separated. The LTCP Study model
simulation represented this entire catchment as partially separated; however, the separated
area is only approximately 25% of Catchment Q17IN450.

The geographic land area that encompasses the Wooster Square project is 126.6 acres; of
which 88.5 acres (approximately 70% of the land area) contribute wet weather flow to the
system. The LTCP Study modeled effective area after sewer separation is reduced by
approximately 51% to 43.0 acres.

Exhibit 12 summarizes the status of each catchment in the Wooster Square area, and how it
is simulated in the model using modeled effective areas.
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EXHIBIT 12

Wooster Square Sewer Separation Project Calchment Status and Modeled Areas

Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
1D Model Assumption Model Total Model Assumption Model
P16N140 c P P 5.4 4.1 14 1.4
P16N390 c P P 73 5.4 1.8 1.8
P17N090 c P P 10.5 7.8 26 2.8
P17N340 o] P P 16.0 12.0 4.0 4.0
P18N120 c P P 8.1 6.0 2.0 2.0
Q15N460 Cc P P 6.7 5.0 1.7 1.7
Q15N500 c C c 84 6.3 6.3 6.3
Q16N180 c P P 9.3 7.0 23 2.3
Q16N230 C P P 9.4 71 24 24
Q16N390 c P P 9.9 7.5 25 25
Q17N280 C C C 7.7 5.8 5.8 5.8
Q17N330 C P P 9.7 7.2 24 24
Q17N450 P P’ P’ 129 3.2 8.5 6.5
Q18N040 o} P P 5.4 4.1 1.4 14
Total - s - 126.7 88.5 43.1 431

'As-built drawings show that the Wooster Square sewer separation project did not separate all catch basins in this
catchment. Therefore, an ARF of 50% was assigned to this catchment.

Kimberly/Columbus North

The Kimberly/Columbus North Sewer Separation Project was completed in November
2002. The project is divided into two areas, North and South. The North area is anchored
on its north side at the terminus of Route 34, directly affecting combined sewer overflows to
New Haven Harbor at outfall 025. The South area is anchored to its south along Ella T
Grasso Boulevard, directly affecting combined sewer overflows to New Haven Harbor at

outfall 024.

The Kimberly/Columbus North sewer separation project is anchored on Howard Street,
Congress Street, and Washington Street. Exhibit 13 illustrates how the areas anticipated and
actually partially separated by the North project match closely. However, several of the
catchments are only partially separated with respect to area (as-builts show that not all
combined sewers were separated on the streets). Catchment areas were updated in the 2007
Existing Condition model to accurately reflect field condilions.

The geographic land area of the Kimberly/Columbus North project is 82.3 acres; of which
61.7 acres (approximately 75% of the land area) contribute wet weather flow to the system.
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The LTCP Study modeled effective area after sewer separation is reduced by approximately
53% to 29.1 acres.

Exhibit 14 summarizes the status of each catchment in the Kimberly/Columbus North area,
and how it is simulated in the model using modeled effective areas.
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EXHIBIT 13
Kimberly/Columbus North Sewer Separation Project Areas

w

a8
5
5
8
3
H
| m.w
(1]
s g
v bl Al | g
z ] &-
m.w
i m 23
. mwm
o _,. bm
m ¢ 5 g Esgg
z z OSC
z Wmm
LR
3
0

22 OF 42
COPYRIGHT 2008 BY CH2M HILL, INC. « COMPANY CONFIDENTIAL

GNHO0016-029



HYORAULIC MODEL IMPROVEMENTS

_z;:‘gdzlé;umbus North Sewer Separation Project Caichment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
ID Model Assumption Model Total Model Assumption Model
N16N440 c P! P’ 45 34 2.3 23
N17N200 c P’ P! 13.2 9.9 6.6 6.6
N17N510 ¢ p! P! 10.2 7.7 5.1 5.1
N18N090 Cc P P 1.1 8.4 2.8 28
N18N230 g P! P! 6.7 5.0 34 34
N18N380 C P 13.7 10.3 34 34
N18N420 C 7.8 59 2.0 2.0
N18NS00 C 24 1.8 0.6 0.6
N18N670 € P! P! 6.0 45 3.0 3.0
017N450 c P! p! 6.5 4.9 33 33
Total - - - 82.1 61.8 325 325

' As-built drawings show that the Kimberly/Columbus North sewer separation project did not separate all catch
basins in this catchment. Therefore, an ARF of 50% was assigned to this catchment.

Kimberly/Columbus South

The Kimberly/Columbus South Sewer Separation Project was completed in January 2003.
This project centers on Kimberly Avenue between I-95 and Cassius Street. Exhibit 15
illustrates the arcas anticipated and actually partially separated by the North project.
Several catchments originally anticipated for separation were not actually separated by this
project. The catchment areas for N21N'180 and N21N660 were updated in the 2007 Existing
Condition model as combined catchments to reflect field conditions. Also, the catchment
areas for N21N350 and N22N240 were updated in the 2007 Existing Condition model as
partially separated to reflect field conditions.

The geographic land area that encompasses the Kimberly/Columbus South project is 56.4
acres; of which 42.3 acres (approximately 75% of the land area) contribute wet weather flow
to the system. The LTCP Study modeled effective area after sewer separation is reduced by
approximately 39% to 25.9 acres.

Exhibit 16 summarizes the status of each catchment in the Kimberly/Columbus South area,
and how it is simulated in the model using modeled effective areas.
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EXHIBIT 16
Kimberly/Columbus South Sewer Separation Project Catchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing

Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions

ID Model Assumption Model Total Model Assumption Model
N21N180 C C 134 101 101 10.1
N21N350 P! P' 7.2 5.4 38 36
N21N420 (o4 P P 25 19 0.6 0.6
N21N420 ] P P 7.8 58 1.8 19
N21N660 Cc c Cc 4.5 34 34 34
N21NB860 Cc P P 6.0 45 1.5 1.5
N22N010 Cc P P 32 24 0.8 0.8
N22N200 C P P 7.4 55 1.8 1.8
N22N240 e P’ P! 4.4 33 2.2 22
Total - - - 56.4 423 259 259

' As-built drawings show that the Kimberly/Columbus South sewer separation project did not separate all catch
basins in this catchment. Therefore, an ARF of 50% was assigned to this catchment.

Humphrey Street

The Humphrey Streel sewer separation project was completed in January 2002. This project
is centered on Humphrey Street between State Street and East Street. The project directly
affects combined sewer overflows to the Mill River at outfall 010.

As-built drawings were not available for review. Therefore, contract drawings were
referenced for information regarding the status of each catchment in this area. The

catchments addressed in this project are in a relatively small area and are designated
partially separated in the LTCP Study. Therefore, no model changes are necessary. Exhibit
17 illustrates the status of each catchment in the Humphrey Street area, and how it is
simulated in the model using modeled effective areas.
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EXHIBIT 17
Humphrey Street Sewer Separation Project Area

Basellne Catchments
Combined
Partially Separated
- Not Sewered
D Affected Catchments
e Humphrey Street

Elm Haven Phases | and Il

There are two phases to the EIm Haven sewer separation project. All areas of both phases
are illustrated in Exhibit 18. The project directly affects combined sewer overflows to the

Mill River at outfall 014.

Phase I was completed in August 2001, separating combined sewer areas along Canal Street
and Ashmun Street in Elm Haven. This project is centered on Humphrey Street between
State Street and East Street. The catchments partially separated by the Phase I project
exactly match those originally anticipated.
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EXHIBIT 18
Elm Haven Phases | and Il Sewer Separation Project Areas
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The Elm Haven Phase II sewer separation project, according to the Authority, partially
separated two catchments, partially separated parts of two other catchments, and one
catchment remains combined.

The actual geographic land area that encompasses the Elm Haven Phase I and II projects is
87.6 acres. Approximately 81.4 acres of this was partially separated.

Exhibit 19 summarizes the status of each catchment in the ElIm Haven Phases I and Il areas,
and how it is simulated in the model using modeled effective areas.

EXHIBIT 19
Elm Haven Phases | and Il Sewer Separation Project Calchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions

[+} Model Assumption Model Total Model Assumption Model
013N470 (o P P 11.3 8.5 28 2.8
013N470 P P 8.5 6.4 21 2.1
013N470 Cc P P 10.5 7.8 26 26
O13N470 Cc P P 6.9 52 1.7 1.7
013N470 Cc P P 56 4.2 14 1.4
013N470* Cc C C 6.2 4.7 4.7 4.7
O13N470* Cc P’ p' 14.3 10.8 7.2 7.2
013N470" & P! P! 12.1 9.1 6.1 6.1
013N470* C P 10.0 7.5 2.5 2.5
013N470" c P P 22 1.7 0.6 0.6
Total - - - 87.6 65.9 Nz N7

'All catchments in the Elm Haven Phases | and 1l area drain to the same node in the hydraulic model. Therefore,
they are assigned an identical Catchment ID. Geographic area (actual) values were used to distinguish between the
different areas.

* Elm Haven Phase

Lombard Street East Phase Ii

The Lombard Street East Phase II project separates areas in Fair Haven. Combined sewer
overflows to the Quinnipiac River at outfall 018 are directly affected by this project, as well
as downstream outfalls. Contract drawings for the Lombard Street East Phase II sewer
separation project were delivered to the Authority in August 2006 (Westcott & Mapes, 2006).
Authority records indicate that this project was 90% complete as of June 2007. As illustrated
in Exhibit 20, this project separates several combined sewer catchments in Fair Haven,
included in original plans for separation but not separated in the Lombard Street East Phase
I or Orange/Bishop/Clinton projects. One catchment, along English Street and Peck Street,
between Rowe Street and Ferry Street, was not separated in any of the Fair Haven projects.
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The actual geographic land area that encompasses the Lombard Street East Phase II project
is 64.6 acres, with 48.4 acres contributing to wet weather flow in the system (approximately
75%).

In addition to catch basin separation, this project involves the construction of a new 42-inch
storm drain in Lombard Street. This storm drain will direct stormwater runoff directly to a
new outfall near Lombard Street and Front Street. A new diversion structure and 30-inch
dry weather flow pipe was constructed under the Lombard Street East Phase I project. Also,
the existing 36-inch overflow pipe (CSO 018) was plugged at Front Street and connected to
the Front Street Interceptor (Westcott & Mapes, 2006; City of New Haven, 1999). These
changes were made to the 2007 Existing Condition model.

Exhibit 21 summarizes the status of each catchment in the Lombard Street East Phase II area,
and how it is simulated in the model using modeled effective areas.
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E:f:::g gree! East Phase || Sewer Separation Project Catchment Status and Modeled Areas
Catchment Status Modeled Effective Area (acres)
2007 2007
1997 Existing 1997 Existing
Catchment | Conditions LTCP Study Conditions | Actual Conditions LTCP Study Conditions
D! Model Assumption Model Total Model Assumption Model
T13N210 (o] P P 6.0 45 1.5 15
T13N330 C P P 6.5 49 1.6 1.6
T13N420 C C C 48 38 36 36
T13N510 Cc P P 7 58 1.9 19
T14N030 Cc P P 6.4 438 1.6 1.6
T14N120 Cc P P 73 5.5 1.8 1.8
U13NO10 C P P 6.5 49 16 186
U13N5S00 C P P 7.5 5.7 1.9 19
U13N540 c P P 34 25 0.8 0.8
U13N640 Cc P P 8.4 6.3 2.1 21
Total - & - 64.5 48.5 18.4 18.4

Fair Haven Sewer Separation

The planned Fair Haven sewer separation project calls for full separation of all the
catchments. Exhibit 22 represents the 2007 Existing Conditions and Exhibit 23 represents
the planned sewer separation. Exhibit 22 presents both the partially separated and
combined catchments located in the Fair Haven area. The partially separated catchments
were recently separated during the Lombard Street Phase I, Lombard Street Phase II, and
Orange/ Bishop/Clinton sewer separation projects as shown in Exhibits 7, 9, and 20. These
catchments will be fully separated along with the remaining combined catchments during
the planned Fair Haven sewer separation project. The LTCP Scenarios I and II hydraulic
models are based on planned Fair Haven sewer separation. Exhibit 24 represents the actual
and model effective areas for all the catchments located in the Fair Haven area. The
geographic land area that encompasses the Fair Haven is approximately 651 acres; of which
379 acres (approximately 58 % of the land area) contribute wet weather flow to the system
for 2007 Existing Conditions. The LTCP Study modeled effective area after planned sewer
separation is reduced by 90% to 65 acres.

31OF 42
COPYRIGHT 2008 B8Y CH2M HILL, INC. - COMPANY CONFIDENTIAL

GNHO0016-038



EXHIBIT 22
Sewer Separation in Fair Haven for 2007 Existing Conditlons
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EXHIBIT 23
Planned Sewer Separation in Fair Haven as Modeled in LTCP Conditions
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EXHIBIT 24

Planned Fair Haven Sewer Separation Project

Catchment Status Modeled Effective Area (acres)
Catchment Actuanl Area
D 2007 Existing LTCP Study {acres) 2007 Existing | LTCP Study
Conditions Assumption Conditions Assumption

T15N250 C S 7.5 57 0.8
T15N260 o ] 2.6 54 0.8
T15M040 o 5 £.2 47 0.6
T16N050 c s 34 25 0.3
T16N0S0 c 2} 4.6 35 0.5
T18N110 c S 7T 558 0.8
T16N120 c S 1.3 10 0.1
T16N130 c 5 1:3 10 0.t
T16N130 c S 24 1.3 0.2
T16H130 c 5 s 25 0.3
T15N130 c -] 24 13 0.2
T15MN130 e 5 2.7 24 0.3
T15N130 € s 2.6 13 0.3
T18N150 c 5 7.1 54 0.7
T15N220 C S 1.9 14 0.2
T15N410 5 S g2 33 0.5
T15M410 c 5 £4 40 0.5
TA7NO30 g S 3.1 5.3 0.9
T17N380 & 5 83 3.2 0.6
T17N330 < 5 12.¢ 32 1
T17N430 o o] 13.0 97 1.3
i 128560 P 5 7.0 3.2 a7
U 12N360 P S 17.5 4.4 7.6
U 128560 P S5 123 25 1.0
4 12N580 P S E.0 1.5 06
v 12N580 P S 6 14 0.6
V138010 P 5 85 1.3 0.6
W 13N130 P S 25 03 03
U 13N 140 P 82} 121 30 1.2
413N 140 P S 3.0 0.3 0.2
v 13N500 P ] 7.5 13 0.6
L, 13N540 P 5 24 0.3 0.3
U 138640 P 5 2.4 21 0.8
U 14N090 P S 7.5 1.3 0.6
L 14N 180 P S LX) 1.5 0.6
U 14N250 < S potd 54 0.7
4 158030 € 5 126 3.5 1.3
W 15N070 c 5 35 25 0.3
w 15N130 P 3] E. 13 0.5
v 15N200 c 5 6.7 50 0.7
U 15N270 & ] 14.0 10.5 1.4
L 1GN030 c ] 76 57 0.8
L 16N210 P S 10.4 25 1.0

Total 651.0 379.3 65.1

350F 42
COPYRIGHT 2008 BY CH2M HILL, INC.  COMPANY CONFIDENTIAL

GNHO0016-041



HYDRAULIC MODEL IMPROVEMENTS

The LTCP Scenario II Study model representation of the pump station simulated three (3)
13,500-gpm variable speed differential head pumps for a maximum capacity of 58.3 mgd, as
shown in Exhibit 25. The 2007 Existing Condition and LTCP Scenario I hydraulic models
were configured to represent the 3+1 operation with actual capacities totaling 15,400 gpm
(22.2 mgd) and differential head curves imported into the model database. Copies of the
pump curves are provided in Attachment 1.

Barnes and Quinnipiac Pump Stations

These pump stations were recently renovaled. The Barnes Pump Station has two
submersible pumps with a design capacity of 1,400 gpm each (OMI, 2006b). The pumps are
operated in a 1+1 manner, with one of the pumps available for operation and onc held in
reserve for emergency situations. Therefore, the pump station has a maximum capacity of
1,400 gpm (2 mgd). The Quinnipiac Pump Station has four submersible pumps with a
design capacity of 1,660 gpm each (OMI, 2006a). The pumps are operated in a 3+1 manner,
with three of the pumps available for operation and one held in reserve for emergency
situations. Therefore, the pump station has a maximum capacity of 5,000 gpm (7.2 mgd).

Since the stations were renovated, the LTCP Study model representation was replaced with
new configurations for both pump stations in the 2007 Existing Condition hydraulic model.
The Barnes Pump Station is simulated with a single 1,400-gpm (2 mgd) pump using
differential head curves imported into the model database. The Quinnipiac Pump Station is
simulated in the 3+1 configuration with a maximum capacity of 5,000 gpm (7.2 mgd) and
differential head curves imported into the model database. Copies of the pump curves for
both stations are provided in Attachment 1

Morris Cove Pump Station

The pumps at the Morris Cove Pump Station were recently replaced and new pump curves
were obtained. The pump station has five pumps with a capacity of 3,130 gpm each (OM],
2007). The pump curves were imported into the 2007 Existing Condition hydraulic model as
differential head curves. Copies of the pump curves for this station are provided in
Attachment 1.

Cross Connections

The New Haven collection system contains several cross connections within the collection
between the stormwater and sanitary sewers. The STCP and LTCP recommended to
identify, inspect, and document the cross connections, with the intention of eliminating
them if feasible and necessary. The recommended actions have been taken and some of
these cross connections have been eliminated by projects implemented since short- and
long-term planning. Some cross connections were not modeled during the original
planning effort while others were discovered late in the planning efforl. Based on the
information compiled from the Authority, only two model modifications were necessary to
construct the 2007 Exisling Condition hydraulic model, described as follows.
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HYDRAULIC MODEL IMPROVEMENTS

Barnes Pump Station

The Barnes Pump Station had a 6-inch overflow pipe connecting the pump station an
adjacent 15-inch stormwater sewer that discharges to the Quinnipiac River. The CSO outfall
is designated 029. The 6-inch overflow pipe connecting the pump station to the stormwater
sewer was removed during the Barnes Avenue and Quinnipiac Avenue Pumping Stations
project (Metcalf & Eddy, 2005). As-built plans confirm the modifications. The overflow was
removed from the 2007 Existing Condition model.

Quinnipiac Pump Station

The Quinnipiac Pump station had a connection to the stormwater system via an overflow
pipe to a stormwater sewer that discharges to the Quinnipiac River. The CSO outfall is
designated 030. The 24-inch overflow pipe and 24-30-inch RCP stormwater pipes
connecting the pump station influent chamber to the stormwater collection system were

removed (Metcalf & Eddy, 2005). As-built plans confirm the modifications. The overflow
was removed from the 2007 Existing Condition model.

Cross Connections at CSO 013

This cross connection has been eliminated from the 2007 Existing Condition hydraulic
model to reflect existing conditions.

Other Model Updates

Truman Tank

The construction of The Truman Tank was completed in 2006. The tank was not simulated
using models during long-term control planning previously. However, subsequent
modeling added a representation of the CSO storage tank for planning and design
simulations using design documents produced prior to construction. Following the
construction, changes were made to the bending weir elevation design. Therefore, the
model representation of the weir crest elevation was adjusted to 4.80 feet to match as-built
plans.

EXHIBIT 25
Design Data for Major Pump Stations for LTCP Scenarios | and (I
Vodel odel Pump Design Data Quantky | Max Design | Peak infiow to
Conditions | Element [Fiow (gpm) | Pump Speed | Total Dynamic Head Capacity (mgd| | YPAF (mgd)
{rpm) (feet)
LTCPI EASTPS 12,220 705 €8 14t 512 147
2YOPS 11,270 706 o7 L 472
UNION =8 | ZSxist~g o 22.2
LTCP W E83TPS 124 705 $8 2 51.d 187
3DP3 1.22¢ 708 27 K 472
UNION 72 13.220 706 17" 2 85.3
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HYDRAULIC MODEL IMPROVEMENTS

Hydraulic Model Version Tracking

Exhibit 26 provides the name and description for the collection system hydraulic model.
These model files simulate 2007 Existing Conditions, LTCP Scenario I, and LTCP Scenario II.

EXHIBIT 26

New Haven Collection System Model Files

Filename Description
NewHaven_CS_Model.MPR Mouse project file.
NewHaven_CS_Model. HGF Mouse hydrology file.
NewHaven_CS_Model .UND Mouse network file.
Summary

The Authority’s collection system hydraulic model was originally developed in 1998 to
support the CSO LTCP and calibrated as part of the LTCP development. This planning-
level model is documented in LTCP technical memorandums. With plan implementation
proceeding, the modeling framework was out-of-date with respect to changes that were
made to the collection system bul nol simulaled in the model. A data request was
submitted to the Authority tracking and compiling information on STCP and LTCP
implementation, other collection system projects, or operational information related to
collection system performance. Updated information and data were compiled on sewer
separalion projects, pump stations, cross connections, CSO rcgulators and outfalls, and the
construction and operation of the Truman Tank. A 2007 Existing Condition model was then
constructed to represent the Authority’s collection system as it operates currently.
Moreover, LTCP Scenarios 1 and Il were also added to evaluate the long-term CSO control
plans.
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MEMORANDUM - TASK 3 7 CH2MHILL

Task Order 2A: Final Flow Meter Locations

TO: Necw Haven Flow Metering Project Team
FROM: Tony Parolari/ CH2M HILL
DATE: April 3, 2007

REVISED DATE: April 17, 2007

PROJECT NUMBER: 350590

Final Flow Metering Locations

The Hydraulic Model Update, Flow Monitoring, Model Verification, and Hydraulic
Analyses Task Order 2a is intended to update the Greater New Haven Water Pollution
Control Authority’s (the Authority) hydraulic model to represent existing conditions (2007).
An updated and verified hydraulic model will allow the Authority to verify the
recommendations from the Wet Weather Preliminary Engineering Project, confirming the
maximum pumping capacity for the Boulevard and East St Pump Stations and the
appropriate treatment capacity at the East Shore WPAF. Additionally, a hydraulic model
update fits into the Authority’s long-term vision for modeling and alternatives evaluation -
supporting planning and design activities related to implementation of the Long-term
Control Plan.

In the Scope of Services for this task order, a preliminary list of flow metering locations was
proposed to support model verification activities. Monitoring priorities were discussed at
the project kick-off meeting held March 27, 2007. The flow meter list has been revised
accordingly to reflect these priorities and better meet the needs of the Authority. The
following prioritics have been established for flow meter locations:

1. Choose meter locations to provide the most information pertinent to the ongoing Wet
Weather Preliminary Engineering Project. This project is focused on system
improvements at the Boulevard and East Street Pump Stations, as well as increased
hydraulic and process capacity at the East Shore Water Pollution Abatement Facility
(WPAF).

2. Meter at least two of the city boundary locations previously metered by the Authority.
Boundary meters will provide information regarding wet weather peaks from
surrounding communities.

3. Provide metering throughout the collection system, including Fair Haven.

Table 1 summarizes the updated meter locations and the data to be collected at each site.
The meters are also shown on the attached system map (Figure 1).

REVISED FLOW METER LOCATIONS 04172007 V3.00C 1
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TASK ORDER 2A: FINAL FLOW METER LOCATIONS

CH2M HILL and ADS Environmental Services reviewed the metering locations and
identified suitable manholes for installation on April 10 and 11, 2007. Table 1 and Figure 1
have been updated to reflect these site investigations. Meter installations are anticipated to

begin on April 23, 2007.

TABLE 1.

Final Flow Metering Locations

Location Meters Deployed Data Type
Boulevard Interceptor (near OF 024) 1 Interceptor
Boulevard Interceptor (near OF 002) 1 Interceptor
Boulevard Interceptor (near OF 003) 1 Interceptor
Boulevard Interceptor (near OF 004) 1 Interceptor
Boulevard Interceptor (near OF 005) 1 Interceptor
Boulevard interceptor (near OF 006) 1 Interceptor

Thorpe Drive / Brookside Drive (NH-12, Hamden)

East Street Interceptor (near OF 021)

East Street Interceptor (near East/lves)

East Street Interceptor (near OF 010)
East Street Interceptor (near OF 012)
East Street Interceptor (near OF 013)
East Street Interceptor (near OF 014)
East Street Interceptor (Canal Street)

Winchester Avenue (NH-04, Hamden)

East Rock Road / Park Drive (NH-11, Hamden)

External Inflow
Interceptor
Interceptor
Interceptor
Interceptor
Interceptor
Interceptor
Interceptor
Extcrnal Inflow

External Inflow

Fair Haven (near OF 009) 2 Interceptor (upstream and
downstream of regulating structure)

Fair Haven (near OF 015) 1 Interceptor

Fair Haven (near OF 016) 1 Interceptor

Fair Haven (near OF 017) 1 Interceptor

Fair Haven (near OF 018) 1 Interceptor

Fair Haven (near OF 019) 1 Interceptor

Barnes Quinnipiac Interceptor 1 Interceptor
Woodward/Lighthouse/Morris Cove Interceptor 1 Interceptor

Total 25
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TASK ORDER 2A: FINAL FLOW METER LOCATIONS

The temporary flow metering program will also include three (3) rain gauges, to be placed
at locations previously used during LTCP development: Edgewood, Boulevard Pump
Station, and Blatchley. As discussed below, CDM has installed a meter at Boulevard Pump
Station for the Union Street Pump Station study. It is assumed that this rain gauge will be
removed prior to the end of the Task Order 2A metering study. Therefore, CH2M HILL will
install a meter at this location to capture rainfall data for the entire metering period.

Existing Flow Meter and Rain Gauge Locations

The following flow meters and rain gauges are currently operated and maintained in the
New Haven collection system:

1. Union Street Pump Station - Currently, CDM is conducting a flow metering study at
the Union Street Pump Station. Five (5) flow meters and two (2) rain gauges have been
deployed for this study. Table 2 summarizes these locations. Data from this study will
be used to support the hydraulic model verification.

2. Pump Station SCADA - The Boulevard, East Street, and Morris Cove Pump Stations are
equipped with flow meters and SCADA. Electronic data records can be obtained from
OML

3. Long-term Rain Gauges - A long-term rain gauge is located at Tweed Airport, near the
East Shore WPAF. Data from this gauge can be obtained from the National Climatic
Data Center. Additionally, the Regional Water Authority (RWA) maintains several rain
gauges in the area - Whitney, South Cheshire, Dawson, Wepawaug, Saltonstall, and
Gaillard.! Data from these gauges can be obtained from RWA.

;ﬁ)?r}lsﬂ:'ter and Rain Gauge Locations for Union Street Pump Station Study (CDM)

Location Meters Deployed Data Type

Water Street / Union Street (CDM1) 1 Flow Meter
George Street / State Street (CDM2) 1 Filow Meter
Water Street / Columbus Plaza (CDM3) 1 Flow Meter
George Street / Temple Street (CDM4) 1 Flow Meter
South Frontage Road (CDMS5) 1 Flow Meter
East Street Pump Station 1 Rain Gauge
Boulevard Pump Station 1 Rain Gauge

1 Several of these rain gauges are located in suburban areas surrounding the City of New Haven and are not identified on the
attached map.
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TECHNICAL MEMORANDUM - TASK 3 CH2MHILL

Greater New Haven Water Pollution Control Authority

Wet Weather Capacity Improvements - Hydraulic
Model Update

Short-Term Flow Monitoring Program

PREPARED FOR: GNHWPCA
PREPARED BY: CH2M HILL
DATE: August 16, 2007
PROJECT NUMBER: 350590
Introduction

During recent modeling activities to support Preliminary Engineering for Wet Weather
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios
previously developed to support the Greater New Haven Water Pollution Control
Authority (“the Authority”) Long-term Control Plan (LTCP) do not accurately reflect the
collection system as it exists today. In the time since development of the LTCP model in
1997, several changes have occurred in the New Haven collection system - including sewer
separation projects, regulator modifications, and conventional growth and development.
The Authority is conducting a Hydraulic Model Update task to update the model, verify
that it accurately represents existing conditions, and to have a more current tool for
evaluating engineering alternatives for its Wet Weather Preliminary Engineering project.

The Authority’s hydraulic model was updated to reflect 2007 existing conditions in the
collection system, as described in the August 1, 2007 Hydraulic Model Improvements technical
memorandum. Concurrent to the Hydraulic Model Improvements effort, a short-term flow-
monitoring program was conducted by the Authority. The purpose of the program was to
collect collection system flow data that can be used to verify that the Authority’s hydraulic
model accurately simulates existing dry and wet weather conditions in the system,
considering that many elements of its short- and long-term control plans have been
implemented.

This technical memorandum describes technical work efforts performed in the Short-Term
Flow Monitoring Program subtask to collect collection system rainfall and flow data. A
summary of the monitoring effort, graphical illustrations of results, a quality assessment of
the data, and caveats to its use in the subsequent model performance verification is
provided herein.

NJO/NH FLOW MONITORING-FINAL.DOC
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SHORT-TERM FLOW MONITORING PROGRAM

Program Methodology

The objectives of the monitoring study were to develop existing conditions data on base
flow and its diurnal variations during dry weather, and characterize system response
during wet weather events of varying size, including storms that maximize system
conveyance. For the monitoring program to be successful, a typical dry weather period and
a combination of small and large storms must be observed to provide adequate data for wet-
weather model verification.

The U.S. Weather Bureau Technical Paper 40 summarizes the probability of intense storms
occurring at monthly intervals for the New York and New England region. In this
document, it is shown that intense storms are most likely to occur between the months of
May and September, with larger storms occurring more frequently later in the year. This
flow monitoring program was conducted in the months of May and June 2007 to align with
the Authority’s design and construction project schedules.

CH2M HILL developed a flow-monitoring work plan, described in Task Order 2A: Final Flow
Meter Locations memorandum, originally dated April 3, 2007 and revised April 17, 2007. The
data quality goals of the program were to monitor rainfall in the collection system survey
area and monitor flow in the collection systems at the same locations as that done during the
original LTCP modeling effort. The work plan had the following elements:

* Identify three rainfall and twenty-four flow monitoring locations.
Perform site investigations to finalize monitoring locations.

Install rain gages and collection system velocity and depth meters.
Monitor conditions for six weeks.

Remove all meters and gages.

Three rain gauges were placed at locations previously used during LTCP development:
Boulevard Pump Station, Edgewood, and Blatchley. Twenty-one collection system locations
were selected to monitor flow in all branches of the system (CSO 009 had two sets of meters,
upstrcam and downstrcam of a CSO discharge). Three boundary locations were also
selected to monitor flow entering the system from regional communities. The Task Order
2A: Final Flow Meter Locations memorandum tabulates and illustrates the monitoring
locations.

Program Execution

ADS FEnvironmental Services was contracted to perform execute the program. CH2M HITT.
and ADS Environmental Services performed site inspections on April 10 and 11, 2007 to
identify suitable manholes for meter installations. Site inspection data sheets are provided
in Attachment 1. All rainfall and collection system monitoring devices were installed and
operating by May 11, 2007. The ADS monitoring methodology is reproduced in Attachment
1. The devices were removed after six weeks, the last data was collected on June 21, 2007.
ADS released a Final Report via its online services on July 23, 2007. An electronic cover
letter is reproduced in Attachment 1. Preliminary data was made available to CH2M HILL
and the Authority during the program. I'he data was finalized by ADS will remain online
for one year after the program was completed.

NYJONH FLOW MONITORING-V1.DOC 2
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SHORT-TERM FLOW MONITORING PROGRAM

Additional rainfall data sources were also identified and utilized during the monitoring
period. Rainfall data was provided at three regional locations by the Regional Water
Authority (RWA) for the May and Junc 2007 at their Whitney, Furnace Pond and Dawson
locations. Preliminary and final rainfall data was also obtained from the National Climatic
Data Center (NCDC) at Tweed Airport near the East Shore Water Pollution Abatement
Facility (WPAF) for the period June 2006 through June 2007.

Additional flow monitoring data sources were also identified and utilized during the
monitoring period. Data from pump station SCADA systems and the East Shore WPAF
were obtained during the monitoring period. The Authority was also conducting a flow-
monitoring program at its Union Street Pump Station, but that program was completed
prior to the start of this program.

Program Results

The data quality objectives were to collect rainfall and collection system flow data during
the six-week monitoring period sufficient lo verify hydraulic model performance. The
following describes the rainfall and flow monitoring data collected during the program.

Rainfall Monitoring

The objectives included monitoring several wet-weather events of varying intensity and
total rainfall, with at least one event as close as possible to the two-year design storm used
for LTCP development. Rainfall information was tracked during the six-week period and
several events were observed. Overall rainfall data collected at all rain gages during the
May 11 through June 21 monitoring period is summarized in Exhibit 1.

EXHIBIT 1

Total Rainfall Observed From May 11 through June 21, 2007 at All Gages

Location Source Total Rainfall (inches)
Boulevard Pump Slalion (RG1) ADS 4.56
Edgewood (RGZ2) ADS 2.49"
Blatchley (RG3) ADS 3.98®

Tweed Airport NCDC 4.31

Whitney RWA 4.82

Furnace Pond RWA 4.40

Dawson RWA 5.44

(1) The Edgewood (RG2) rain gage was apparently vandalized and not operating at least on June 3-4, 2007.
(2) The Blatchley (RG3) rain gage was inoperable prior to May 19, 2007.

The Tweed Airport gage recorded 1.09 inches of rainfall in May and 3.44 inches in June. The
monthly average rainfall from June 2006 through June 2007 was 4.22 inches at Tweed
Airport. Despite experiencing low monthly rainfall compared to the last year, at least seven
wet-weather events were identified for wet weather hydraulic model verification. A
composite illustration of all rainfall observed during the monitoring period at the seven
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gages is provided in Attachment 2. The seven events were compared to historical data
using rainfall depth-duration-frequency curves. A rainfall depth-duration-frequency data
set was developed for New Haven using data from the National Oceanic and Atmospheric
Administration (NOAA) and other sources. The data is provided in Attachment 2. Exhibit
3 summarizes the wet-weather events and their return periods based on these curves.

EXHIBIT 2
Wet Weather Event Statistics and Return Periods during May 11 through June 22, 2007 Period

Peak Intensity

(inches/hour) for 60-

Event Rainfall (inches) minute time step Return Period

May 16 0.42100.88 0.38 < 2 months

May 18 0.23 to 0.32 0.24 < 2 months

May 31 0.08 to 0.71 0.55 < 2 months

June 3 2.17 t0 2.78 0.65 Between 6 months and 2 years
June 9 0.12 t0 0.40 0.32 < 2 months

June 11 0.31 10 0.48 040 < 2 months

June 16 0.1210 0.37 0.17 < 2 months

Rainfall depth-duration-frequency curves for each of the seven events are provided in
Attachment 2,

Flow Monitoring

Flow monitoring was conducted at 24 locations throughout the collection system. ADS
submitted its final reports electronically in lieu of submitting paper copies. The following
describes data availability and the percent of time that meters were recording data during
the monitoring period. This is followed by commentary on each of the monitoring locations
wilh summary flow hydrographs and dala statistics on measured hydraulic elevation and
velocity, and calculated flow in million gallons per day (mgd).

Data Availability

Rainfall and collection system monitoring was conducted with QA/QC goals to collect the
highest level of quality data possible. ADS conducted weekly inspections of all rain gages
and collection system meters to download data, service melers, and if needed correcl
conditions. Inspections were conducted during the monitoring period on May 16, 22, and
30, and June 6, 12, and 20. ADS had a minimum data availability or “up-time” goal of 93
percent. Exhibit 3 summarizes the data availability for each collection system monitoring
location.
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EXHIBIT 3

Data Availability for Collection System Monitoring Locations

Data Availability (percent up-time)

Meter Site Depth Velocity Quantity
CS0O 002 100 100 100
CS0 003 100 100 100
CS0 004 100 100 100
€SO 005 100 100 100
CSO 006 100 100 100
CSO 009 100 100 100
CSO0 0092A 100 100 100
CSQ 010 99.95 99.95 99,95
€SO 012 100 100 100
€S0 013 99.98 99.98 99.98
CSO 014 100 100 100
CSO 015 99.88 99.88 99.88
CS0 016 100 100 100
CS0 017 n/a n/a n/a
Cso o18* 86.36 86.36 86.36
Cs0 019 100 100 100
CSO 021 100 100 100
CS0 024 100 100 100
East/lves 100 100 100
Canal 99.8 99.8 99.8
Ferry (Barnes-Quinnipiac) 99,95 99.95 99.95
Woodward 99.93 99.93 99.93
NH-04 100 100 100
NH-11 100 100 100
NH-12 100 100 100

* Commentary on CSO 018 is provided below.
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€S0 002

This meter was installed just upstream of the regulating structure at CSO 002 in the
Boulevard Interceptor. Depth and velocity data indicate that this location functioned in
free-flow conditions for the entire monitoring period. However, a backwater effect was
noted during wet weather conditions, most likely a result of a higher level in the wet well at
Boulevard Pump Station. Silt was measured at 11.0 inches at this location.
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€S0 003

This meter was installed upstream of the regulating structure at CSO 003 in the Boulevard
Interceptor. This location functioned in free-flow conditions for the entire monitoring
period. Silt was measured at 9.25 inches at this location.

HYDROGRAPH REPORT - CS0-003
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CS0 004

This meter was installed upstream of the regulating structure at CSO 004 in the Boulevard
Interceptor, at the intersection of North Frontage Road and E.T. Grasso Boulevard. This
location functioned in free-flow conditions for the entire monitoring period. Silt was
measured at 2.0 inches at this location.
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CS0 005

This meter was installed upstream of the regulating structure at CSO 005 in the Boulevard
Interceptor, at the intersection of [rving Street and E.T. Grasso Boulevard. This location
functioned in free-flow conditions for most of the monitoring period. There were brief
periods of surcharge during wet weather events, Silt was measured at 2.5 inches at this
location.
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CSO 006

This meter was installed just upstream of the regulating structure at CSO 006 in the
Boulevard Interceptor. This location functioned in free-flow conditions for the entire
moniloring period. Sill was measured al 17.5 inches al this location.
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CS0009

This meter was installed upstream of the CSO 009 regulating structure. This location
functioned in free-flow conditions for the entire monitoring period. Silt was measured at 2.0

inches at this location.
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CSO 009A

This meter was installed downstream of the CSO 009 regulating structure. This location
functioned in free-flow conditions for the entire monitoring period. Silt was measured at
10.5 inches at this location, indicating a significant difference in silt levels from the CSO 009
mcter location a few hundred feet upstream.
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€S0010

This meter was installed in the regulating structure at CSO 010 between the two outfall
pipes. This location functioned in free-flow conditions for most of the monitoring period.
When depths were greater than 15 inches, backwater conditions were observed, most likely
a result of a higher level in the wet well at East Street Pump Station. No silt was measured
at this location.
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€S0 012

This meter was installed just upstream of the regulating structure at CSO 012. This location
functioned in free-flow conditions for the entire monitoring period. No silt was measured at
this site. An imbalance with the group of meters upstream of CSO 012 was noted (CSO 013,
NH-04, and NH-11). NH-11 contributes the most flow to the CSO 012 location and the
imbalance may be explained by an overflow point between NH-11 and CSO 012. ADS
recommended further investigation of pipe connectivity in this area to resolve this issue.
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CsS0013

This meter was installed downstream of the regulating structure at CSO 013 at the
intersection of East Rock Road and Everit Street. This location functioned in free-flow
conditions for the entire monitoring perjod. Silt was measured at 7.0 inches at this location.
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CsS0014

This meter was installed just upstream of the regulating structure at CSO 014. This location
functioned in free-flow conditions for the entire monitoring period. No silt was measured at

this location.
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CS0 015

This meter was installed upstream of the regulating structure at CSO 015 just outside the
siphon house. This location functioned in free-flow conditions for most of the monitoring
period. There were brief periods of surcharge during wet weather events. No silt was
measured at this location.

HYDROGRAPH REPORT - CSO-015

New Haven, CT

g Depth st velocty Quantity Rain Pipe Height

B — E———— s — = SRR 36
|

10 3.0

3z 24§

Depth (in)
~
-
>
+

B Lo eV AY i VARLTH I i U A AR A0 1At oYk VsV )00, O
T T P VL LT

Rl P P oy Jﬁt "t,‘:' *v"%x:zg
TV AV S e e 9

L] ue
o 0.0
2 1.00
18 0.75
g ] z
Z12 — 0.502
Y 5
r -
& ‘ ! lL 0.25
P r"\rlw-\/\v‘v‘ P N Ny VRt PR p‘\{‘v\/‘ﬂ R /"\I‘\/"‘V‘-’s/"\l \1‘ -*v'Lr"vﬂrv"‘v )‘
0 L L al w—Lo00
[ . ; s | . = si‘iﬂ’*"
15 Tue 22 Tue 1Fn aFn 1SFn
May 2007 Date
Depth (in) Veloclty (ft/s) Calculated Flow (mgd)
Average 12:17 1.41 2.33
Minimum 8.63 0.94 0.96
Maximum 57.60 4.36 32.33
Time of Minimum 6/17/2007 5:45 AM 6/17/2007 5:45 AM 6/17/2007 5:45 AM

Time of Maximum 5/16/2007 10:45 PM 5/16/2007 10:45 PM 5/16/2007 10:45 PM

NJJONH FLOW MONITORING-V1 DOC 17

GNHO0016-076



SHORT-TERM FLOW MONITORING PROGRAM

CS0 016

This meter was installed upstream of the regulating structure at CSO 016 at the intersection
of River Street and Poplar Street. This location functioned in free-flow conditions for most of
the monitoring period. There were brief periods of surcharge during wet weather events.
Silt was measured at 16.0 inches at this location.
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SHORT-TERM FLOW MONITORING PROGRAM

cso o017

This meter was installed in the regulating structure at CSO 017. Due to excessive silt and
low flow, the velocity meter was unable to provide accurate measurements. The data from
this site will not be included in the final hydraulic model verification. This is not anticipated
to be detrimental to the verification task, as meter data is available at several sites along the
Front Street Interceptor.

Cs0018

This meter was installed in the regulaling structure at CSO 018 in Lombard Street. This
location functioned in free-flow conditions for the entire monitoring period. No Silt was
measured at this location. The percent up-time for this meter was 86.36 percent, which is
less than the required up-time of 93 percent.
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SHORT-TERM FLOW MONITORING PROGRAM

Cs0 019

This meter was installed at the intersection of Front Street and Chatham Street near the site
of the old CSO 019 regulating structure. This location functioned in free-flow conditions for
the entire monitoring period. Silt was measured at 0.50 inches at this site.

The site report indicates that this meter was installed in a 30-inch diameter circular ductile
iron pipe. Record drawings and hydraulic model data indicate that the Front Street
Interceplor is a 28-inch x 48-inch box in this location. IUis believed Lhal the flow meler was
installed in the wrong manhole and possibly measured flows in the stormwater system.
Further investigation will be necessary to resolve this issue.

HYDROGRAPH REPORT - CS0O-019
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SHORT-TERM FLOW MONITORING PROGRAM

CSO 021

This meter was installed upstream of the East Street Pump Station and regulating structure
at CSO 021. This location functioned in free-flow conditions for the entire monitoring
period. However, backwater conditions during wet weather should be anticipated given the
close proximity of the East Street Pump Station. Further, surcharge was observed upstream
at East/Ives and backwater conditions were observed upstream at CSO 010. No silt was

measured at this site.
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SHORT-TERM FLOW MONITORING PROGRAM

€S0 021

This meter was installed upstream of the East Street Pump Station and regulating structure

at CSO 021. This location functioned in free-flow conditions for the entire monitoring
period. However, backwater conditions during wet weather should be anticipated given the

close proximity of the East Street Pump Station. Further, surcharge was observed upstream

at East/Ives and backwater conditions were observed upstream at CSO 010. No silt was

measured at this site.

HYDROGRAPH REPORT - CS0O-021
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SHORT-TERM FLOW MONITORING PROGRAM

CS0 024

This meter was installed upstream of the Boulevard Pump Station and regulating structure
at CSO 024. This location functioned in free-flow conditions for most of the monitoring
period. Backwater conditions were observed during wet weather, most likely a result of a
higher level in the wet well at Boulevard Pump Station. No silt was measured at this
location.

HYDROGRAPH REPORT - CS0-024
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SHORT-TERM FLOW MONITORING PROGRAM

East/lves

This meter was installed upstream of the overflow at East St./Ives Place in the East Street
Interceptor. This location functioned in free-flow conditions for most of the monitoring
period. Surcharging was observed during wet weather. No silt was measured at this site.
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SHORT-TERM FLOW MONITORING PROGRAM

Canal

This meter was installed on the East Street Interceptor in Canal Street, south of Munson
Street. This location functioned in free-flow conditions for the entire monitoring period. No
silt was measured at this location.
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SHORT-TERM FLOW MONITORING PROGRAM

Ferry (Barnes Quinnipiac)

This meter was installed at the intersection of Ferry Street and Fairmont Street to measure
flows from the Barnes Pump Station and Quinnipiac Pump Station area of the collection
system. This location functioned in free-flow conditions for most of the monitoring period.
Surcharging was observed during wet weather. No silt was measured at this site.

HYDROGRAPH REPORT - Ferry

New Haven, CT
o S S — = p—_—

20 Depth Silt Velogity Quantity Raln Pipe Height 28

. | '

32 TN T R : [ “‘ T .'i e = T o 2.0
gai f\".‘ I 'MPL":]‘M\:‘, \ M,\ u; ,A_~L / ‘L’;,“{.'Lh‘f\‘v —\«W Ll ,Jq m*- ,wfr((u:-n.sg'
£
S 1644 A -111 A K. . 4 AN A Aﬂ} 1 A 2 LA =
A A A T AT A A AT TR A AT VR T

8 s A 0.5

o 0.0

s 1.0

- 0.8
) AR " L 06
Q3N X T 00g
4 E\Ml‘f[i\i"k’l\\ IR i % \ f‘\MMm MMM f\\{‘m\ TEIARTERON bt
I% v ] \n 1‘[ U ll V ” “‘r I I v ‘ ’ q-‘ l} s

" 1 0.2

o 1 [ A o i l 1 0.0

Ag'm 3.59Rain
15 22Tue 1 Fni af 15 Fri
May 2007 Date
Depth (in) Velocity (ft/s) Calculated Flow (mgd)
Average 14.76 1.756 2.32
Minimum 9.91 1.25 1.05
Maximum 38.51 2.58 5.22
Time of Minimum 6/21/2007 3:30 AM 6/21/2007 3:30 AM 6/21/2007 3:30 AM

Time of Maximum

6/4/2007 11:00 AM

6/4/2007 11

:00 AM

6/4/2007 11:00 AM

NJJOMNH FLOW MONITORING-V1 DOC

GNHO0016-085



SHORT-TERM FLOW MONITORING PROGRAM

Woodward

This meter was installed near Woodward Avenue in the Annex Club parking lot to measure
flow from the Woodward, Lighthouse, Morris area of the collection system. This location
functioned in free-flow conditions for the entire monitoring period. No silt was measured at
this site.
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SHORT-TERM FLOW MONITORING PROGRAM

NH-04

This meter was installed at the intersection of Winchester Street and Cave Street, coincident
with one of the historical long-term boundary meters. This location functioned in free-flow
conditions for the entire monitoring period. No silt was measured at this location.
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SHORT-TERM FLOW MONITORING PROGRAM

NH-11

This meter was installed at the intersection of East Rock Road and Livingston Street,
coincident with one of the historical long-term boundary meters. This location functioned in
free-flow conditions for the entire monitoring period. No silt was measured at this location.

When the depth drops below 10.5 inches at this site, the velocity sensor recorded zero values
for velocity, indicating a clear flow. Clear flow is often characteristic of infiltration. In order

to provide flow measurements at this site, velocity data was reconstituted using the
velocity-depth curve for low flow periods.
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SHORT-TERM FLOW MONITORING PROGRAM

NH-12

This meter was installed in Brookside Avenue between Wilmont Avenue and Wintergreen
Avenue, coincident with one of the historical long-term boundary meters. This location
functioned in free-flow conditions for the entire monitoring period. No silt was measured at

this location.
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SHORT-TERM FLOW MONITORING PROGRAM

Observations

Overall, the flow monitoring data is of acceptable quality. However, there are some
inconsistencies that must be taken into consideration during hydraulic model verification.
In general, a small number of data issues are to be expected during a flow monitoring study
of this magnitude. Itis not anticipated that the issues identified below will negatively
impact the results of this effort.

Data Availability - All meters met the required 93% up-time with the exception of CSO
018. This meter recorded data during 86.36% of the monitoring period.

Mass Balance Discrepancy (CSO 013, NH-04, and NH-11) - The flow metered at CSO
013, NH-04, and NH-11 combines and flows through the site metered at CSO 012. The
sum of the average flows at these three sites is 4.1 mgd, whereas the average flow at
CSO 012is 3.6 mgd. This represents a balancing error of approximately 0.5 mgd, a 12.5
percent difference that may be attributable to time of travel between sites. This
difference will be considered during the model verification task. Model calculations will
differ slightly from data and it is reasonable to expect all four sites to meet model
verification criteria and balance properly in the model.

CSO 017 - Due to excessive silt and low flow depths, the velocity sensor was unable to
provide accurate measurements at this site. Therefore, flow data could not be calculated
for this site. This will not affect the model verification task as there are numerous sites
nearby on the Front Street Interceptor.

CSO 019 - [t is believed that this flow meter was installed in the wrong pipe. Field
investigation is necessary to resolve this issue. The flow data from this meter will not be
included in the initial model verification.

Silt Depths - Significant silt deposits were measured at a number of meter sites. These
depths will be compared to those currently included the hydraulic model and adjusted if
necessary.
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Project Commentary New Haven, CT New Haven, CT Temporary Flow Monitoring Study - Final Report
Letter of Transmittal

ENVIRONMENTAL

July 23, 2007

Mr. William E. McMillin, JR., P.E.
CH2MHILL

99 Cherry Hill Road, Suite 200
Parsippany, NJ 07054-1102

SUBJECT: New Haven, CT Temporary Flow Monitoring Study

Dear Mr. McMillin,

ADS is pleased to submit the Final Report for the New Haven, CT Temporary Flow Monitoring
Study conducted for CH2MHILL.

Presented in this report are hydorgraphs, scattergraphs and longtables of the data collected and analyzed
from Friday, May 11, 2007 to Thursday, June 21, 2007 . Also included are Excel files containing Depth,
Quantity, and Velocity entities for each flow monitoring location and rain gauges in 15-minute format.
Please note the minimum and maximum rates recorded on the daily tabular data are absolute versus
average fifteen minute data.

In addition, we would be happy to further explain any details about the report that may seem unclear.
Should you have any questions or comments, please contact the Project Manager, George Elaro at (845)
268-1201 or me at ext. 222.

Thank you for choosing ADS products and services to meet your flow monitoring needs.

Sincerely,
ADS ENVIRONMENTAL SERVICES

Rodianne Cadet
Data Manager

4940 Research Drive  Huntsville, AL 35805 » phone: 256-430-3366 ¢ Fax: 256-430-6633

hitp://www.flowview.com/flow ViewPortal/PrinterFriendly.aspx 7BookshelfID=344&BinderID=3&rptID=... 8/15/2007
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Project Commentary New Haven, CT New Haven, CT Temporary Flow Monitoring Study - Final Report
Methodology

Introduction

Background

CH2MHILL entered into agreement with ADS Environmental Services to conduct flow monitoring at twenty-
five (25) metering locations with three (3) rain gauges located in New Haven, CT. The study was for a
monitoring period beginning on Friday, May 11, 2007 and ending on Thursday, June 21, 2007 . The
objective of this study was to measure depth, velocity, and quantify flows.

Project Scope

The scope of this study involved using a temporary flow monitor to quantify wastewater flow at the
designated locations. Specifically, the study included the following key components:

e Investigate the proposed flow-monitoring site for adequate hydraulic conditions.
¢ Flow monltor installation.

e Flow monitor confirmations and data collections.

e Flow data analysis.

Equipment and Methodology
Flow Quantification Methods

There are two main equations used to measure open channel flow: the Continuity Equation and the
Manning Equation. The Continuity Equation, which is considered the most accurate, can be used if both
depth of flow and velocity are available. In cases where velocity measurements are not available or not
practical to obtain, the Manning Equation can be used to estimate velocity from the depth data based on
certain physical characteristics of the pipe (i.e. the slope and roughness of the pipe being measured).
However, the Manning equation assumes uniform, steady flow hydraulic conditions with non-varying
roughness, which are typically invalid assumptions in most sanitary sewers. Both the Continuity and
Manning Equation was used for this study.

Flow Monitoring Equipment

The monitor selected for this project was the ADS Model 3500-flow monitor. This flow monitor is anarea
velocity flow monitor that uses both the Continuity and Manning's equations to measure flow.

The ADS Model 3500-flow monitor consists of data acquisition sensors and a battery-powered
microcomputer. The microcomputer includes a processor unit, data storage, and an on-board clock to
control and synchronize the sensor recordings. The monitor was programmed to acquire and store depth
of flow and velocity readings at 15-minute intervals.

Three types of data acquisition sensors are available for the Model 3500 flow monitor. The primary depth
measurement device is the ADS quad-redundant ultrasonic level sensor. This sensor uses four
independent ultrasonic transceivers in pairs to measure the distance from the face of the transceiver
housing to the water surface (air range) with up to four transceiver pairs, of the available ones, active at
one time. The elapsed time between transmitting and receiving the ultrasonic waves is used to calculate
the air range between the sensor and flow surface based on the speed of sound in air. Sensors in the
transceiver housing measure temperature, which is used to compensate the ultrasonic signal travel time.
The speed of sound will vary with temperature. Since the ultrasonic level sensor is mounted out of the
flow, it creates no disturbance to normal flow patterns and does not affect site hydraulics.

Redundant flow depth data can be provided by a pressure depth sensor, and is independent from the
ultrasonic level sensor. This sensor uses a piezo-resistive crystal to determine the difference between
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hydrostatic and atmospheric pressure. The pressure sensor is temperature compensated and vented to the
atmosphere through a desiccant filled breather tube. Pressure depth sensors are typlcally used in large
size channels and applications where surcharging is anticipated. Its streamlined shape minimizes flow
distortion.

Velocity is measured using the ADS V-3 digital Doppler velocity sensor. This sensor measures velocity in
the cross-sectional area of flow. An ultrasonic carrier is transmitted upstream into the flow, and is
reflected by suspended particles, air bubbles, or organic matter with a frequency shift proportional to the
velocity of the reflecting objects. The reflected signal is received by the sensor and processed using digital
spectrum analysis to determine the peak flow velocity. Collected peak velocity information is filtered and
processed using field confirmation information and proprietary software to determine the average velocity,
which is used to calculate flow quantities. The sensor's small profile, measuring 1.5 inches by 1.15 inches
by 0.50 inches thick, minimizes the affects on flow patterns and site hydraulics.

Installation

Installation of flow monitoring equipment typically proceeds in four steps. First, the site is investigated for
safety and to determine physical and hydraulic suitability for the flow monitoring equipment. Second, the
equipment is physically installed at the selected location. Third, the monitor is tested to assure proper
operatlon of the velocity and depth of flow sensors and verify that the monitor clock is operational and
synchronized to the master computer clock. Fourth, the depth and velocity sensors are confirmed and line
confirmations are performed. A typical flow monitor installation is shown in Figure 2.1.

The installations depicted in Figures 2.1 are typical for circular or oval pipes up to approximately 104-
inches in diameter or height. In installations into pipes 42-inches or less in diameter, depth and velocity
sensors are mounted on an expandable stainless steel ring and installed one to two pipe diameters
upstream of the pipe/manhole connection in the incoming sewer pipe. This reduces the affects of
turbulence and backwater caused by the connection. In pipes larger than 42 inches in diameter, a special
installation is made using two sections of the ring installed one to two feet upstream of the pipe/manhole
connection; one bolted to the crown of the pipe for the depth sensor, and the other bolted to the bottom
of the pipe (bolts are usually placed just above the water line) to hold the velocity sensor.

Large Pipe ( > 42" Diameter) Small Pipe ( 8" to 42" Diameter)
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Data Collection, Confirmation, and Quality Assurance

During the monitoring period, field crews visit each monitoring locatlon to retrieve data, verify proper monitor
operation, and document field conditions. The following quality assurance steps are taken to assure the integrity of
the data collected:

¢ Measure Power Supply: The monitor Is powered by a dry cell battery pack. Power levels are recorded and
battery packs replaced, if necessary. A separate battery provides back-up power to memory, which allows the
primary battery to be replaced without the loss of data.

e Perform Pipe Line Confirmations and Confirm Depth and Velocity: Once equipment and sensor
installation is accomplished, a member of the field crew descends into the manhole to perform a field
measurement of flow rate, depth and velocity to confirm they are in agreement with the monitor. Since the
ADS V-3 velocity sensor measures peak velocity In the wetted cross-sectional area of flow, velocity profiles are
also taken to develop a relationship between peak and average velocity in lines that meet the hydraulic criteria.

e Measure Silt Level: During site confirmation, a member of the fleld crew descends into the manhole and
measures and records the depth of silt at the bottom of the pipe. This data is used to compute the true area of
flow.

e Confirm Monitor Synchronization: The field crew checks the flow monitor's clock for accuracy.

e Upload and Review Data: Data collected by the monitor is uploaded and reviewed for comparison with
previous data. All readings are checked for consistency and screened for deviations in the flow patterns, which
indicate system anomalies or equipment failure.

Data Analysis and Presentation
Data Analysis

A flow monitor is typically programmed to collect data at either 15-minute or 5-minute intervals
throughout the monitoring period. The monitor stores raw data consisting of (1) the air range (distance
from sensor to top of flow) for each active ultrasonic depth sensor pair and (2) the peak velocity. If the
monitor is equipped with a pressure sensor, then a depth reading from this sensor may also be stored.
When the field personnel collects the data, the air range is converted to depth data based on the pipe
height and physical offset (distance from the top of the pipe to the surface of the ultrasonic sensor). The
data is imported into ADS's proprietary software and is examined by a data analyst to verify its integrity.
The data analyst also reviews the daily field reports and site visit records to identify conditions that would
affect the collected data.

Velocity profiles and the line confirmation data developed by the field personnel are reviewed by the data
analyst to identify inconsistencies and verify data integrity. Velocity profiles are reviewed and an average
to peak velocity ratio is calculated for the site. This ratio is used in converting the peak velocity measured
by the sensor to the average velocity used In the Continuity equation. The data analyst selects which
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Peak Velocity: 0-70 fps Road Cut Length: — Feet
Silt: L OO. Inches Trench Tength: i Feet

L D 0
T,
/] y
i
g /
Cross Section N + Planar N +
Installation Information Backup “| Yes | No ? Distance

Installation Type:  Specoad  Tnstall Trunk i . _%

Sensors/Devices: 3 Vel + Press | Lift/Pump Station [ |

Surcharpe Height: No Feet WWIP il

Rain Ganpe Zone: T Other L

My i » LJ = .t
QF 675007 Rev A0 1 Incantrallad Conu Pa,g?, l.qf.g

GNH0016-104



Ty ENVIRONMENTAL .
smw ___ADS Site Report Quality Form

Project Name: /Ugw H&VQ/\ 7/&/1/1 City/State: A/ lHaven O FM Initials: @5

Site Name: £.50— O /4. |Monitor Series: % sE> Monitor S/N: Ldoo )
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Ay o Investigation Information:s 20 a2 Manhole Informations
Date/ Time of Investigation: O[O Manhole Depth: /2. Fect
Wsm Hydraulics: W | fas + + (00, Manhole Material /| B cic
Condition: fot 7
Upstream Input: (1/S, P/S) NA Pipe Material / Condition: KriCi - oo
Upstream Manhole: ] Mini System Residential | Commercial | Industrial {Other
D/V 7= o Character: B Kl

Downstream Manhole: NN Telephone Information: e

Depth of Flow (Wet Dof): 9-50 +/- Access Pole #: —

Range (Air Dof): ST a0 +/- Distance From Manhole: = Feet

Peak Velocity: 2-02. fps Road Cut Length: == Feet

Sile: [u?) Inches Trech Length: , ~ Feet =

o
4 1
CNSS‘; " )
('n NALLFTO ~
PIP& +o /F ] e
—> > _J
(Lo | Y
Section N + Iglanar N *
Installation Information Backup | Yes | No ? Distance
Installation Type:  Specal- Trunk
Sensors/Devices: Vb, Vel + Fress Lift/Pump Station =
Surcharge Height: Feet WWTP I
Rain Gauge Zone: Other m X
el Ona e * ¥ OIIents
OF 675007 Rev AO DI e e, Page 1 of 2
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JEN VIRONMENML

VAL S EH

* . -
VICES ADS Site Report Quality Form
Project Name: Nps Haven T FM City/State: Np) Haven CT FM Initials: & £
Site Name: ( SO- @/5 |Monitor Series: 35 © O Monitor S/N: 46 36
Address / Location: S/ ,,.,t’ \7' omes St Sovth s L Manhole #:
Rlre Map Page #:
Access: D ive Type of |Sanitary|Storm| Combined |Pipe Height: 45,75
System: [ X [Pipe Width: Y6.25
Phone Number:
< “
% N
B
Rtver—
8 4,
s “Investigation Information: o
Datc/ T:mc of lnvcshgatxon Manholc Depth: ? ﬂ Feet
Site Hydraulics: Goof Smooth F<7ow with Modecafe |Manhole Material /| Concrete [ #air
Velociry Condition:
Upstream Input: (L/S, P/S) N/ Pipe Material / Condition: 73r:ck /fn/ —
Upstream Manhole: NT Mini System Residential | Commercial | Industrial | Other
Chasacter: b Kl
Downstream Manhole: Wet el Telephone Information: A/ /A
Depth of Flow (Wet Dof): V-3 +/- Access Pole #:
[Range (Air Dof): +/- Distance From Manhole: Feet
Peak Velocity: 167 fps Road Cut Length: Feet
Silt: Inches Trench Len Feet
" 3 t U
T
7 " #/s
= 7
o lllr-('/uu P:C?’_ 4 l 9 <
) overflow
Cross Section N * Planar N * WT;L-?T«
Installation Information Backup | Yes | No 2 Distance
Installation Type: Trunk ]
Sensors/Devices: Lift/Pump Station ]
Surcharpe Height: Feet WWTP | |
Rain Gange Zone: Other
A Ci0 b o . 2 & L LY
Aaige Sfoa re Aatrhe doors S /"/”
QF 675007 Rev AD Hinrantrallad Canvy Page 1_o_f_g
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ENVIRONMENTAL

yALIS)

] - -
SERVICES ADS Site Report Quality Form

Project Name: Aoy [f{aven T FM City/Stave: A ffawven CT FM Initials: & £

Site Name: C S0O. & /6 |Monitor Seriess 3550 Monitor S/N: 6365

Address / Location: River S fast of [pla— Manhole #:
Map Page #:

Access: Drive Type of | Sanitary |Storm| Combined |Pipe Height: #2. 0%

System: (] Pipe Width: 47.28 ) i

Phone Numbes:

Investigation Information;

-‘_.®‘——

i ManholeInformation::

X 6.2

Date/ Time of Investigation: Yira - i fu Teet

Site Hydsaulics: Shatlaw, very slow Chw Manhole Matenal ! Resen [ Poor
Condition:

Upstream Input: (L/S, P/S A A Pipe Material / Condition: 2, v/ [/ /Paor

Upstream Manhole: SPNI Mini System Residential | Commercial | Industrial| Other
Character:

Downstream Manhole: PNT Telephone Information: v /4 il

Depth of Flow (Wet Dot): 118 +/- Access Pale #: :

Range (Air Dof): +/- Distance From Manhole: FFeet

Peak Velocity: F. 5o fps Road Cut Length: Tieet

Stle: Tnches Trench Len

Feet

Cross Section N * Planar N +
B . Installation Information Backup Ves | No ? Distance

Installanon Type: S preia ‘I'runk

Sensors/Devices: UVFP Lift/Pump Stanon [l

Su pe Hei Feet WP

Rain (Gauge Zone: Other

alfit 1 0 a0 0 e
Zn Bver o . S
v 2N —/; I 5 &2 55,(,’._, /.1/),.4", ?F--,/

\ s SR s o
QF 675007 Rev AD Page 1 of 2
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Uncentrolled Copy

Beintnd 1A/2/7002
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RONMENTAL
3 BNV i

ADS Site Report Quality Form

Project Name: A0 Ma-irn 754 City/State: Ay é&ugf) . T FM Initals: 7=
Site Name: ( s0~ /7 |Monitor Series: 35O Monitor S/N: 6227
Address / Location: front S# soft AMerth of Manhole #:

Grand Ave. Iaifersection Map Page #:
Access: Type of | Sanitary|Storm| Combined [Pipe Height: 2¢-s0”

D s System: O (] X ll:i'?e Width: 8-<co"

one Number:

. “Investigation Information.
Date/ Time of Investigation:

Manhole Dcpth:

Feet

Manhole Informations: -«

HI[O
Site Hydraulics: & [V(Zyld-, Shatfows -.C(ow

Manhole Material / 8«‘{‘(‘2,

Condition:  £euT
Upstream Input: (L/S, P/S) NA Pipe Material / Condition: ¢ v |s Fou'r
Upstream Manhole: ! Mini System Residential | Commercial | Industrial} Other
P Not Se ’[qé /é Charac{:n Xl
Downstream Manhole: As Cuteen+ 5,‘{1 . Telephone Information: —
Depth of Flow (Wet Dof): +/- Access Pole #: =
Range (Air Dof): Distance From Manhole: = Feet
Peak Velocity: Road Cut Length Feet

Sile:

P
/ i
1 \ ,
N e
r-—‘ ot
Cross Section N + Planar N +
Installation Information Backup Yes | No ? Distance
Installation Type: _Smbo( . T'runk i
Sensors/Devices: O Wokre, ol +fress Lift/Pump Station | []
Surcharpe Height: ot WWTP ]
Rain Gauge Zone: Other
sl tJ 2 1) » 8 RIS
QF 675007 Rev AD tinecantrallad Conv Page 1 of 2
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ENVIRONMENTAL

Date/ Tue of Investigation:

“Tnvestigation Informations

4 § .
SERVICES ADS Site Report Quality Form
Project Name: Ay ) Hayen 7 FM City/State: Nt flavea  CT FM Initials: & £
Site Name: CS©O-g/28 Monitor Series: 3500 Monitor S/N: 47273 i :
Address / Location: 2/ s ambard S Manhole #: ,
Map Page #:
Access: L7 ve Type of | Sanitary [Storm| Combined [Pipe Height: 45,63
System: [ pel Pipe Width: 30.38
Phone Number:
¢
Lot bard 5# \Q

“[Maahole Depth:

7S Marhola Informationy

4 T

!
|

i 1 P4 ZS Feer :
Site Hydraulics: Shavlnw, Fagd T g Manhole Material / “Brici /4 sod
Condition:
Upstream Input: (./8, P/S) N/ Pipe Material / Condition: £ +-: / &on.
Upstream Manhole: ONT Mini System Residential Commerual lndusminl Other
Character:
Downstream Manhole: N/A Telephone Information: 4/ /4
Depth of Flow (Wet 1Juf). Z.a k- Access Pole #:
Range (Air Dof): +/- Distance From Manhole: Tect
Peak Velocity: 3./% fps Road Cut Icngth. Feet
Sile: In

Cross Section N + Planar N +
Instaltation Information Backup Yss | No ? | Distance
Installation Type: Spteia | ) ‘I'rank
Sensors/Devices: ) yp Lift/Pump Staton
Surchasge Height: Feet WVTP
Rain Gauge Zone: Qther ]
Y4 1 ) P 0 atio 0 »
B U s Uncontrolled Copy L
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Sy R ONMENTAL
VAL S5 i

ADS Site Report Quality Form

Project Name: /) Haven . 7 22/ City/State: A/o...0 [J“ugn o il FM Initials: (5£
Site Name: €0 —©/9. [Monitor Series: 3SDo Monitor S/N: 46
Address / Location: Zn Sridvon (¢ owtside Manhole #:

A28  Froat Si. Map Page #:
Access: Type of |Sanitary|Storm| Combined |Pipe Height: S 257

D . System: ] X |Pipe Width: 20- 25"
~ve Phone Number:
Chathawm S+

Silt: 5 _ ln

A
n
~
S,
A S0 Maahola Informations
Manhole Depth: Feet
Site Hydraulics: & /| oww, Sluggis ,_) -P(OW Manhole Material / Concrerse. / Rk
y (}9 Condition: g7, (
Upstream Input: (L/S, P/S) NA Pipe Material / Condition: Db, tile. Zrea Fpe
Upstream Manhole: Mini System Residential | Commercial | Industrial | Other
Y= Character: X O
Downstream Manhole: M Telephone Information: —
Depth of Flow (Wet Dof): 7100 +/- Access Pole #: -
Range (Air Dof): 2200 +/- Distance From Manhole: = Feet
Pealk Velocity: ©-45 __ fps Road Cut Length: — Feet
v Trench Length: -

yation

[ |
Cross Section N * Planar N +
Installation Information Backup | Yes' | No 2 Distance
Installation Type: Ling 3 Crank Trunk —
Sensors/Devices: (TP VRS Pre < Lift/Pump Station | |
Surchacge Height: 2 . Feet WWTP [ |
Rain Gauge Zone:

QF 675007 Rev AD

Hneanteallad Canv

Page 1 of 2
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m SEﬁVICES’

ADS Site Report Quality Form

Project Name: Ao Haven 7 A/ City/State: Alev) Naseda,  C7 FM Initials: (&'
Site Name: C&am- S0 [Monitor Series: 3 so o Monitor S/N: ST
Address / Location: £acl £ as ...or < I\ingar 4" ZA. " |Manhole #:
JI' }/)-r(ur o2 T LL - (-"r’ & 1 I" F‘/“<< Mﬁp Page #:
Access: Type of S'amtary Svoxm Combined |Pipe Height: LHO-00"
System: . | Pipe Width: £O-cc
Dp I . Phone Number;

{J!.\l)‘&‘!\

}‘ul. et

Dnte/ "Time of [nvesugnnon

Manhole Depth: ‘

Site Hydraulics:  S_. » s, Shacle " s

Manhole Material / - ¢
Condition: P

Silt

Upstream Input: (1./8, P/S) A A Pipe Material / Condition: £, - .. w g
Upstream Manhole: , Mini System Residential | Cammercial | Industoal |Other
- D/a, sod Toxsd foake |Character: ] 5]
Downstream Manhole: NI —Cncy " {d il Telephone Information: e
Depth of Flow (Wet Dof): "'4/' +/- Access Pole #: —_
Range (Air Dof): J9¢0 /- Distance From Manhole: — lieer
Peak Velocity: ). S& fps Road Cut l.eng(h. —_ Feet
Inches

Cross Section N + Planar N *
Installation Information Backup Yes | No o Distance
Installanon I'ype: spcra Thatall T'runk i
Sensors/Devices: Tpaddre. el ~ Frese Lift/Pump Station
Surchasge Height 1 Fect VWAVTP ]
Rain Gaupe Zone: (- Other
\ # ’ » . = '
Sl L A Uncontrolled Copy iy
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LD . .
- ADS Site Report Quality Form
Project Name: A2 H‘N/Q/) TFN] - City/State: Afer [Moven CT FM Initials: &
Site Name: CS0-02.4 |Monitor Series: RSO © Monitor S/N: 4639
Address / Location: Goe  S£..9 Waler S5 Manhole #:

Zh  NoxAu,ay Map Page #:
Access: I Type of [Sanitary|Storm| Combined |Pipe Height: &9-75"

. System: O K [Pipe Width: 25~ 60.
Df‘l ve., Ph
one Number:

e ' Investigation’ !nformation' :
Dale/ Tlme of lnvesugauon

I Vomp sindon \

g‘o&

Feet

4lilje
Site Hydraulics: P-eﬁf) fo 5+ §mpa7"/\ 7{'[00\)

Manhole Material / Concre.4é€ .

Silt: »

Condition: £z, /'~

Upstream Input: (1/S, P/S) A Pipe Material / Condition: B~ —  Foor.

Upstream Manhole: DAz Mini System Residential | Commerdial | Industrial} Other
Character: O (]

Downstream Manhole: ﬁ/niLS feviip - Telephone Information: —

Depth of Flow (Wet Dof): +/- Access Pole #: ===

Range (Air Dof): Ll +/- Distance From Manhole: — Feet

Peak Velocity: 3222 fps Road Cut Length: — Feet

ot Inches Trench Length —_ Feet

)y \ §
i 7% 7 4
it Wk o Ca4\ N Mkt
A Qor, E v L pe
=2 e | =
= = N :
Cross Section N * Planar N *
Installation Information Backup | Yes | No ? Distance
Installation Type:  Spleaa | Trunk X
Sensors/Devices: " Wdra_, VL + Fress Lift/Pump Station
Surcharge Height: /OA( Feet
RmGa“ z‘one % ot g P 1708 7ag T
D SR . Additional Site Taformation/Comnientst
/1’_241 (p,tc <‘, /l 0~ /e.[.,[ g 95/5— o+ //; /;m.- p/\\7

OF 675007 Rev AO

Page 1 of 2

Linaanbeallad Can,
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EaymoreNTAL

. ADS Site Report Quality Form
Project Name: Ngw) Hoven  TFM City/State: New) Haven, . 77 FM Inidials: 575
Site Name: £80-026 [Monitor Series: T 0 Monitor S/N: 575 3,
Address / Location: A+ 242 gast &f. Manhole #:
| Qledy. Simigins zndustries gntrgnct.. Map Page #:
Access: Type of [Sanitary[Storm| Combined |Pipe Height: s3-25"
D e System: | O X Pipe Width: EXARY=D
MV, Phone Number: .
fqranﬂ(, /'th
-
y ™~
& : :
Nl %
¥ . v
! f
ywader |$F \ﬁ
A Ma N Site Ma N
U U v L) DIE ) gl U
Date/ Time of Investigation: 4/ je7 /) &1¢&x2. |Manhole Depth: /<™ Feet
Site Hydraulics: y Manhole Material / Lnc i<
Fas/, /(ﬁef / *low Condition:  Zeir
Upstream Input: (1./S, P/S) A4 Pipe Material / Condition: (S~¢cbk —  Facr
Upstream Maahole: Mini System Residential | Commerdial | Industrial | Other
) D A 7: Character:
|Downstream Manhole: DAS=z Telephone Information:
Depth of Flow (Wet Dof): 22-57 /- Access Pole #: -
Range (Air Dof): +/- Distance From Manhole: — Feet
Peak Velocity: 2-70 fps Road Cut Length: —_ Feet
Silt: ~g Inches Trench Length: = Feet
J 0 0
i,
v
Cross Sectlér N * Planar N *
Installation Information Backup | Yes | No 2 Distance
Installation Type:  Special. LA S+l Trunk 1
Sensors/Devices: " Uptra, Vel + Press Lift/Pump Station [ |
Surcharpe Height € Feet WWTIP ™
Rain Gauge Zone: Other L] Yl
el L) 3 U 0 L) 2 LS
OF 675007 Rev A0 e T s Page 1 of 2
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Y ENVIRONMENTAL
SERVICES”

Date/ Te of Investigation:

4/o

Monseon SF

ADS Site Report Quality Form

Project Name: Mo, Mowen 1A City/State: AJg Haven . CT FM Initials: (72

Site Name: aial |Monitor Series: 3. 5@ Monitor S/N: (L2 86 .

Address / Location: oqal 54, Socdf et Manhole #:

vnsen & Map Page #:
Access: Type of |Sanitary(Storm| Combined |Pipe Height: SO0
Dt System: O Pipe Width: st-Lo-
nMyZ. . Phone Number;

: ¢ N

CA W )

Site Hydraulics: ég,ﬁ Gl 0P / .p[ow gi:n:lc:ilc Mane;;l ; Rnrcle
n on: I

Upstream Input: (L/S, P/S) N Pipe Material / Condition: S~ Cl. ~ Gl

Upstream Manhole: bz g:m System Residential | Commerdial | Industrial | Other
aracter:

Downstream Manhole: DYF s Telephone Information: —

Depth of Flow (Wet Dof): é ~so +/- Access Pole #: =

Range (Air Dof): 4Hee  +/- Distance From Manhole: Feet

Peak Velocity: 220 fps Road Cut Length: Feet

Silt: _ 'I'rench I.cn h: Feet »

Cross Section N * Planar N *
Installation Information Backup Yes | No Distance
Installation Type:  King 4~ Cranle Trunk
Sensors/Devices: YUMer, Yl +fress - Lift/Pump Station
Surcharge Height: Feet WWTP
Rain Gauge Zone: Other
el id & ALl 4 = A
QF 675007 Rev A0 AT Page 1 of 2
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Sile: 7 ‘

-

AT e
L ADS Site Report Quality Form
Project Name: Moo Haven T A1 City/State: Ve ) Maven Cr FM Initials: G- -
Site Name: oy [Monitor Series: F50C Monitor S/N: 4 /00
Address / Locatioh: %rry $4 &l faircmond Aue |[Manhole i#:
rylwey 1o Shipvacd Map Page #:
Access: |Type of |Sanitary [Storm| Combined [Pipe Height: 240
Drtve System: | [0 | O Pipe Width: 24730
Ve Phone Number:

Access Ma Site Ma N * Q? {}/

estigatio 0 0 ' 0 (3
Date/ Time of Investigation: X Manhole Depth: g’ Feet
Site Hydraulics: Degp, Smooth Floes. Manhole Material / £r 12w

, Condition: /2. /r
Upstream Input: (L/S, P/S) N A Pipe Material / Condition: @ Cf Je i
Upstream Manhole: a Mini System Residential | Commercial [ Industrial | Other

&?d é/)’f//‘b‘tc(, e S Character: il
Downstream Manhole: I Telephone Information: =
Depth of Flow (Wet Dof): /S5O,  +/- Access Pole #: —
Range (Air Dof): Fso /- Distance From Manhole: e Feet
Peak Velocity: 2 O fps Road Cut Length: = Feet
Inches -

Trench n

Gauge Zone:

QF 675007 Rev A0

AL L. ke ANINTANAND

Cross Section N * Planar N +
Installation Information Backup Yes | No ? Distance
Installation Type:  *5¢r v (Crmn iz Trunk
Sensors/Devices: u,(,/,% Vel + Fress Lift/Pump Station [}
Surcharge Height: g cet WWTP ]
Rai QG-

Uncontrolled Copy

Page 1 of 2
Derintad 10/2/7NN

GNH0016-115



ey EAAIINMENTAL
ALY ES Pty

- ADS Site Report Quality Form
Project Name: New cha\ 7~ City/State: NMew)  Mawen C,f FM TInitials:
Site Name: (Moo~ |Monitor Series: S5O0 Monitor S/N: {467
Address / Location: Zn  far (u? Lot off Annex Clvb [Manhole #:
Mo % A Map Page #:
Access: Type of | Sanitary(Storm| Combined |[Pipe Height: 20 *
. System: O O [Pipe Width: 72 o’
D rive Phone Number: )

z4s |

Manhole Dpth:

Feet

Wi

“Mardhole Informationt =0

Site Hydraulics: Ve[\\’ Lasi. s J'wv;fy +loco

Manhole Material / /£ oncre f2.
Condition: [z '~

Silt: Inches

Upstream Input: (L/S, P/S) NA Pipe Material / Condition: R £ Lot

Upstream Manhole: &ut #)'dm" lres Mini System Residential | Commercial | Industrial | Other
Character:

Downstream Manhole: Bad K yArenlics Telephone Information: ~—

Depth of Flow (Wet Dof): Seoo | +/- Access Polc #: —_—

Range (Air Dof): +/- Distance From Manhole: e Feet

Peak Velocity: /290 fps Road Cut Length: — Feet
Trench Length: Feet

ey N L MR
= n g 7 =
Cross Section N * Planar N +
Installation Information Backup " 'Yes | No P Distance
Installation T'ype: Rirg i+ Crenle Trunk L1 |1k
Sensors/Devices: < Uhdken, ek +Prece Lift/Pump Station [
Surcharge Fleight  AJ© Feet' WWTP O
Rain Gauge Zone: — Other
¢f1 9 * 0 3 Isnes

GNH0016-116



LD

ADS Site Report

Quality Form

Project Name: /e H&(an T Ciyfswae: Mew Haven | C7 M Initials: (£
Site Name: A Vo4 |Monitor Series: 5 €0 __|Monitor S/N: SLFS .
Address / Location: 4+ F/e- iedersecten oFf Manhole #:
W},&gg,‘—cr + Cave &4s Map Page #:
Access: Type of |Sanitary[Storm| Combined |Pipe Height: 24225
D - System: [0  [Pipe Widih: 24257
r~ve Phone Number:

Dale/ 'llme of Investigauon

Manhole Deplh

/
Site Hydraulics: @002 Moclrete Flocu. Manhole Material / B¢, ke
Condition: /3 i~
Upstream Input: (L/S, P/S) A Pipe Material / Condition: \// ¢ s |
Upstream Manhole: |Mini System Residential | Commerdial | Industrial [Other
D N Character: l ]

Downstream Manhole; Y4 Telephone Information: —

Depth of Flow (Wet Dof): 2~ 50 +/- Access Pole #; =

(Air Dof): 2600 /- Distance From Manhole: et

Peak Velocity: 2-00 _ fps

Road Cut Length:

Inches

e _ T, - -

> . .
P

> — 1 \ 7
Cross Section N * Planar N +
Installation Information Backup 1] " No Distance
Installation Type:  Rrag4+ Cronle Trunk (]
Sensors/Devices: YUMiren, Vel +Lrezgs Lift/ump Station
Surcharge Height Feet WWIP |
Rain Gauge Zone: - Other
i 0 5 () A L0 L) RIS
QF 675007 Rev AD I InrAantrallad Carg Page l_qf_g
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VADST "

ADS Site Report

Quality Form

i

1

Project Name: Afp s Havea 'K/’/ﬂ"r City/State: /l//u'. ﬁ.(q,_.f_/; P FM Initials: & &
Site Name: A/4-// [Monitor Series: 3 5o Monitor S/N: =Y
Address / Location: 4} Tadectsn of Manhole #:
Cust Pocke Si 4 Pavit. RA . Map Page #:
Access: Type of |Sanitary (Srorm| Combined |Pipe Height: FLco”
D ) System: K [0  [Pipe Width: 3725
rle Phone Number:
bk
s fegly U o sb
v 1
G lg. | &olow.eg
e ) U Tl B
Access Ma Site Ma N o v arig
L1430 ¥ " o L0 % * § L
Date/ Time of Investigation: |  #/ifo7 Manhole Depth: Heer
Site Hydraulics: ()¢ p, Alodere e £ cimu- Manhole Material / (oncne 7€
Condition:  /on
Upstream Input: (L/S, P/S) A4 Pipe Material / Condition: (" . ¢ v € e
Upstream Manhole: Mini System Residential | Commercial [ Industrial [ Other
= _ [Character | O
Downsteam Manhole: Vrsz Telephone Information: =
Depth of Flow (\Wet Dot): N Access Pole #: !
Range (Air Dof): +/ Distance From Manhole: - Feet '
Peak Velocity: fps Road Cut Length; —_ Feet i
Silt: Inches Trench Length: Feet !
b natiol i i
\

Cross Section N * Planar N +
Installation Information Backup Ves | No Z Distance
Installation Type: Rine 4 Crenc Trunk
Sepsors/Devices: “Udhoa, Ved +Press Lift/Purp Station [ |
Surcharge Height 2| Feet WWTP (]
Rain Gauge Zone: -% Other { ]
RGO D D atit D 9
e e et 8 e s & 84 S o e i v ® — - Ve ———
QF 675007 Rev A0 Page 1 of 2

o L s ek i Tals e}

Uncontrolled Copy

Drimbad 1N//I7N0R
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ENVIRONIMENTAL

VALIS ]

Silt:

* . -
VICES ADS Site Report Quality Form
Project Name: Mew?  Haven T/ City/State: A\, Havea Cr- FM Initials: (3£
Site Name: Zeoolzcie. |Monitor Series: 2S5 0o Monitor S/N: SIS
Address / Location: Broples }-5[& /4/4_ fFasd of Manhole #:
__Mni&%&&!‘ Ave.. Map Page #: "
Access: / Type of |Sanitary|Storm| Combined |Pipe Height: 29-28 "
D . System: 2] [ O Pipe Width: 20 -SO°
rI've Phone Number:
i —
\[f‘o sY
O
5 %
; .| o(z A
D(a rWIr:s ' ve
efaky% A W| f"k-"j&gq
‘ S ] f
o,
b
EU/’ k (ot "( k +
Access af) -,..___ , Site Map N ‘
: * Investigation Information; - = MarholaInformationss 2000
Date/ Tlme of Investlg:mon 4/(o[07 Manhole Deptl Y. Feet
Site Hydraulics: Dee‘o Slows, Plons. Srall Suge. [Manhole Material /
: “ﬁ Condition:
Upstream Input: (L/S, P/S) A Pipe Material / Condition:
Upstream Manhole: A Mini System Residential | Commercial | Industrial [Other
Nz Character: ]
Downstream Manhole; BSAsT Telephone Information: =
Depth of Flow (Wet Dof): +/- Access Pole #: —_—
Range (Air Dof): +/- Distance From Manhole: — Feet
Peak Velocity: fps Road Cut Lcngth — Feet
Inches ‘Trench Leng

Feet

g ‘.\
=it
./
Z Z L—ﬂ_:
i b l o>
Cross Section N * Planar N +
Installation Information Backup “1.¥ss | No ? Distance
Installation Type: ﬂmq +Cranle Trunk N
Sensors/Devices: “ L dotron, Vel + Lress, Lift/Pump Station |
Surcharpe Height: Fect WWTP L]
Rain Gauge Zone: iz Other | |
G £ U L] ¥ LS
QF 675007 Rev AO Page 1 of 2

I Inrantralled Canv
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Attachment 2

Compound Rainfall Hyetograph of Monitoring Period
Rainfall Depth Duration Frequency Curves

NJO/NH FLOW MONITORING-V1.DOC
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May 16, 2007 Event - Less than or equal to a 2-month storm
DDF Graph
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May 18, 2007 Event - Less than a 2-month return period
DDFGraph
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May 31, 2007 Event - Less than a 2-month return period.
DDFGraph
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June 3, 2007 Event - Between a 6-month and a 2-year return period
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June 9, 2007 Event - Less than a 2-month return period.
DDFGraph
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June 11, 2007 Event - Less than a 2-month return period.
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June 16, 2007 Event - Less than a 2-month return period
DDFGraph
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TECHNICAL MEMORANDUM - TASK 4 CH2MHILL

Greater New Haven Water Pollution Control Authority

Wet Weather Capacity Improvements - Hydraulic
Model Update

Model Performance Verification

PREPARED FOR: GNHWPCA
PREPARED BY: CH2M HILL

DATE: September 13, 2007
PROJECT NUMBER: 350590
Introduction

During recent modeling activities to support Preliminary Engineering for Wet Weather
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios
previously developed to support the Greater New Haven Water Pollution Control
Authority (“the Authority”) Long-term Control Plan (LTCP) no longer reflects the collection
system as it exists today. In the time since development of the LTCP model in 1997, several
changes have occurred in the New Haven collection system, such as sewer separation
projects, regulator modifications, and conventional growth and development. The
Authority is conducting a Hydraulic Model Update task to update the model, verify that it
accurately represents existing conditions, and to have a more current tool for evaluating
engineering alternatives for its Wet Weather Preliminary Engineering project.

Several model update efforts are now completed. The Authority’s hydraulic model was
updated to reflect 2007 existing conditions in the collection system, as described in the
August 1, 2007 Hydraulic Model Improvenients technical memorandum. A monitoring
program was conducted in May and June 2007 and documented in the Short-Term Flow
Monitoring Program technical memorandum, dated August 16, 2007.

This technical memorandum summarizes the model performance verification that was
performed following the Short-term Flow Monitoring Program, which includes
documentation on how the model was evaluated and adjusted to accurately simulate
existing conditions. The memorandum also includes an evaluation of currently available
data and provides recommendations for future monitoring of the system to fill in missing
data gaps and further improve the accuracy of the model for future planning and design
needed to implement the Authority’s LTCP.
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Verification Methodology and Execution

The model evaluation methodology consisted of three main components:

¢ Rainfall Event Selection - Compile and analyze flow and rainfall data collected during
Task 3 Short-term Flow Monitoring Program and select one dry and three wet weather
events for model evaluation;

® Model Assessment - Assess the accuracy of the updated hydraulic model in predicting
current system operating conditions in response to the selected rainfall events; and,

¢ Model Verification - Debug and verify that the hydraulic model simulates collection
system responses to dry and wet weather events with reasonable results.

Flow and rainfall data collected during the execution of Task 3 Short-term Flow Monitoring
Program, described in the August 16, 2007 Short-Term Flow Monitoring Program technical
memorandum, was compiled with other system data. Flow monitoring was performed at
24 locations in the collection system, and rainfall data was collected at three locations.
Additional system data that was obtained included hourly flow data at the East Shore Water
Pollution Abatement Facility (WPAF) and the East Street, Boulevard, East Shore, Barnes,
Quinnipiac and Morris Cove Pump Stations. Additional rainfall data was obtained from the
National Climatic Data Center for Tweed Airport and from the Regional Water Authority
(RWA) at three of their stations (Whitney, Furnace Pond, and Dawson).

A rainfall analysis described in the August 16, 2007 Short-Term Flow Monitoring Program
technical memorandum identified a number of wet weather events as candidates for model
evaluation simulations. One dry weather period and three wet weather events were
selected for verification modeling.

Model simulations were then compared to data to assess the accuracy of the updated
hydraulic model database in predicting current system operating conditions. The
assessment identified that additional changes in the model were required to simulate the
system with reasonable results. Some of these changes were recommend in the in the
August 1, 2007 Hydraulic Model Improvenents technical memorandum, such as model
settings for pump station on/ off controls that needed further adjustment beyond that
initially specified during the model update to better reflect system operations.

Quality Assurance/Quality Control (QA/QC) checks were then performed to debug
remaining model construction issues and verify that the hydraulic model is sufficient for
performing dry and wet weather simulations for existing conditions.

The following describes the selection of rainfall events, dry and wet weather verifications,
model assessment, additional modifications made to the model for QA/QC, and
conclusions and recommendations.

Rainfall Event Selection

The short-term flow-monitoring program was conducted between May 11 and June 22, 2007.
Exhibit 1 illustrates East Shore WPAF flow data with rainfall data during the monitoring
period.
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EXHIBIT 1
East Shore WPAF Flow with Rainfall Recorded During the May 11 to June 22 Short-term Flow Monitoring Program
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Dry Weather Period Selection

The dry weather period was selected by analyzing the rainfall record of the short-term
monitoring program and identifying a period of seven days without precipitation. A period
of dry weather occurred between May 18 and 30, 2007. The East Shore WPAF flow
averaged 27.0 million gallons per day (mgd) during this period. Selecting days towards the
end of this period would have been ideal for the dry weather verification to eliminate any
latent effects of a preceding wet weather event. However, Memorial Day weekend was May
26-28. WPAF data approaching the weekend appeared to show decreasing flows and
changing diurnal patterns. Following the weekend the data appeared to show recovering
flow characteristics approaching typical conditions, but then a rain event occurred.

Two days were selected from this period to verify dry weather flow calculations - May 21
and 22. This period began only three days following a wet weather event on May 18, which
had a total of 0.23 to 0.32 inches of rainfall recorded between several gages. Collection
system and WPAF flow data indicated that there were no residual effects of the wet weather
event by May 21. Average WPAF flow during the two days was 27.2 mgd; comparing well
to the entire May 18-30 dry period. The original LTCP modeling effort calibrated the
hydraulic model with an average dry weather flow of about 30 mgd. Dry weather flow
recorded at the WPAF varied from a minimum of 15-20 mgd to a maximum of 30-35 mgd
during the entire short-term monitoring program. WPAF flow ranged from 12 mgd to 36
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mgd during the two days. The LTCP calibration ranged from 14 mgd to 40 mgd during dry
weather.

Wet Weather Period Selection

Seven wet weather events of significance occurred during the short-term monitoring
program. A goal of the verification was to identify and simulate three wet weather events
of varying lengths, intensities, and volumes, with at least one event having characteristics of
a 2-year recurrence interval similar to that used in developing the LTCP. An inter-event
period of 12 hours was also applied to distinguish between events.

Three events were selected for the wet weather verification: May 16, May 31, and June 3,
2007. The recorded rainfall, peak intensity, approximate duration, peak recorded WPAF
flow, and return period of each of these events are summarized in Exhibit 2. Rainfall data
was compiled from the three short-term monitoring program gages, Tweed Airport, and
three RWA gages. Therefore, ranges of rainfall are presented in the table. Although the
short-term monitoring program monitored rainfall at a much shorter interval, an hourly
peak intensity statistic is tabulated in order to include the data from Tweed Airport and the
RWA.

EXHIBIT 2
Event Statistics and Return Periods for the Three Wet Weather Verification Events

Peak Intensity Peak

(inches/hour) Approximate Recorded

Rainfall for 60-minute Duration WPAF Flow

Event (inches)' time step (hours) (mgd) Return Period®
1 May 16, 2007 0.42 t0 0.88 0.38 8 84 < 2 months
2 May 31, 2007 0.28 to 0.71 0.55 7 60 < 2 months
3 June 3-4, 2007 21710 2.78 0.65 22 79 Between 6 months

and 2 years

1. Rainfall statistics taken from all rainfall data developed during the short-term monitoring program of May 11
through June 22, 2007 at seven locations.

2. Return period calculated using rainfall depth-duration-frequency data curves shown in the August 16, 2007
Short-Term Flow Monitoring Program technical memorandum.

Only one wet weather event during the short-term monitoring program, June 3, had a total
rain depth within the LTCP 2-year design storm range. The total depth of this storm
ranging from 2,17 to 2.78 inches amongst the rain gages is close to the LTCP 2-year design
storm of 2.05 inches in total volume. None of the three storms had peak intensities as
extreme as the LTCP 2-year design storm, which was 2.15 inches per hour occurring for 15
minutes. The May 31 event had a peak 15-minute intensity of 1.48 inches per hour recorded
at Boulevard Pump Station (RG-1) although with smaller intensities at other gages at the
same time. The next highest 15-minute intensity was 0.68 inches per hour recorded during
several events at several gages. Peak WPAF flow recorded during two of the events was
close to the WPAF design capacity of 100 mgd.
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Model Performance Verifications

Model performance was evaluated by comparing model calculations to flow monitoring
data collected in the collection system and at the East Shore WPAF during the short-term
monitoring program. The 2007 Existing Conditions Model, described in the August 1, 2007
Hydraulic Model Iiprovements technical memorandum, was used for the evaluation and
verification. The verification methodology was to review model performance system wide
by reviewing model comparisons for the East Shore WPAF, at pump stations, and at short-
term monitoring program locations. Model calculations of hydraulic depth were reviewed
and flow was compared to data for the one dry weather and three wet weather verification
events.

The meter locations and model nodes where hydraulic model calculations were compared
to meter data are tabulated in Exhibit 3.

Eﬁm;r; of Locations where Hydraulic Mode! Calculations are Compared to Meter Data

Meter Name Meter Location Model! Node
CSO 002 E.T. Grasso and Lamberton (u/s of 002 Regulator) M21R002
CSO 003 E.T. Grasso and Orange (ws of 003 Regulator) L19R003
CSO 004 E.T. Grasso and N. Frontage (d/s of 004 Regulator) K16D010
CSO 005 E.T. Grasso and Irving (u/s of 005 Regulator) K14N100
CSO 006 Whalley and Fitch (u/s of 006 Regulator K10N250
CSO 008 James and Grand (u/s of 009 Regulator)} S15R008
CS0 010 East Street and |-91 (u/s of 010 Regulators) R14R10A
Cs0 012 Canner and Nicoll {u/s of 012 Regulator) R12R012
CS0O 013 East Rock and Everit (d/s of 013 Regulator) RO9NO020
CSO 014 Trumbull and State (u/s of 014 Regulator) P14N090
CS0O 015 James and River (u/s of 015 Regulator) S18R015
CSO 016 River and Poplar (u/s of 016 Regulator) T17N180
CS0O 017 Front and Grand U14R19A
CcS0O 018 Lombard and Front (u/s of 018 Regulator) U13R018
CSO o019 Front and Chatham U13N350
CSO 021 East and Long Wharf (u/s of 021 Regulator) R18N030
CS0O 024 Sea and Water (u/s of 024 Regulator) 023R024
East/Ives East South of Grand (u/s of East/lves Regulator) R16N110
Canal Canal and Munson 012N330
Ferry Ferry and Fairmont T18N100
Woodward Woodward (in Annex Club parking lot) T23N110
NH-04 Winchester and Cave P08N230
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gﬁglr?gr; of Locations where Hydraulic Model Calculations are Compared to Meter Data

Meter Name Meter Location Model Node
NH-11 Park and East Rock Roslo10
NH-12 Brookside and Wilmont KO6N010
Boulevard Pump Station' Pump discharge 023P010
East Strest Pump Station' Pump discharge R19P010
Barnes Pump Station' Pump discharge W13P120
Quinnipiac Pump Station’ Pump discharge W10P010
Morris Cove Pump Station'  Pump discharge U31P010
East Shore WPAF? Chlorine contact basin (plant effluent) n/a

1. Using facility SCADA data.
2. SCADA data is only available at this location for the WPAF.

Dry Weather Flow Evaluation and Verification

Two days during the dry weather period were selected to verify dry weather flow
calculations in the hydraulic model - May 21-22. Model dry weather flow and its diurnal
curve were taken from the LTCP hydraulic model and used in the 2007 Existing Conditions
Model, without adjustment.

The Root-Mean Square Error (RMSE) of flow was calculated for monitoring locations during
the dry weather event to make comparisons. RMSE is an indicator of how well flow is
calculated using the model compared to monitoring data. The RMSE is the average of the
absolute differences between individual model calculations (¢;) and data observations (d;)
expressed as:

RMSE = lZ(ci -d.)
n

i=l

The model assessment and evaluation used an average difference and RMSE range of 1.0
mgd or 10 percent as a measure of model accuracy.

Exhibit 4 summarizes model comparisons to data for the pump stations and WPAF using
flow statistics for the dry weather period. Exhibit 5 illustrates temporal model calculations
compared to WPAF data for the dry weather period of May 21-22, 2007.
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EXHIBIT 4
Calculated Dry Weather Flow Compared to Data for May 21-22, 2007 at Pump Stations and WPAF

Average Difference

Flow (mgd) Model vs. Meter
Flow
Meter Meter Model (mgd) Flow (%) RMSE
East Shore WPAF 26.8 29.9 +3.1 +12 5.3
Boulevard Pump Station 9.5 8.8 -0.8 -8 1.8
East Street Pump Station 1.9 11.3 -0.6 -5 6.4
Barnes Pump Station 1.1 0.5 -0.6 -58 1.5
Quinnipiac Pump Station 1.8 1.5 -0.3 -15 2.1
Morris Cove Pump Station 4.7 1.8 -2.9 -62 3.0

EXHIBIT 5

Calculated Dry Weather Flow Compared to Data at the East Shore WPAF
50
40
a5

Flow (mgd)
= n n w
w o (3] o

-
[=]

gL

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:
Time (May 21-22, 2007)

Overall, the model-specified diurnal patterns approximates data, however peak flows are
over-calculated. System-wide, the calculated diurnal daily flow is 29.9 mgd using the
hydraulic model compared to 26.8 mgd observed at the WPAF. The model calculation is 3.1
mgd higher than that observed, a 12% difference.
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Dry weather verification comparisons for the pump stations are provided in Attachment 1.
Comparisons for pump stations varied widely on a straight flow calculation basis as well as
an RMSE. Model calculations for the pump stations vary in accuracy. Boulevard Pump
Station flow is calculated relatively well compared to data. At the East Street Pump Station,
average flow is calculated well compared to the average recorded; although the hourly flow
calculations vary widely from the data. The SCADA data at his station, as well as the other
stations appears erratic (such as instantaneous peaks and lows out of the pattern). If the
data is accurate, the on/off controls at the pump station may require additional
investigation and coordination with modeling. However, the meters at the pump stations
may need to be checked for accuracy.

Sporadic and inconsistent facility data for the Barnes and Quinnipiac Pump Stations
indicate that pump station controls and other factors appear to affect recorded flow during
the period. Although on/ off controls were compiled from those being used at the facilities,
model representation of the controls should be investigated further. Comparisons for the
Morris Cove Pump Station indicate that some adjustment in the dry weather flow should be
considered for future modeling efforts in this tributary area.

Exhibit 6 summarizes model comparisons to data for the short-term monitoring program
locations using flow statistics for the dry weather period.

EXHIBIT 6
Calculated Dry Weather Flow Compared to Data for May 21-22, 2007 at Short-
term Flow Monitoring Program Locations

Flow (mgd) Average Diflerence
Flow
Meter Data Model (mgd) Flow (%) RMSE
CSO 006 1.4 1.4 0.0 1% 0.4
CSO 005 53 5.0 0.3 5% 1.0
CSO 004 6.2 7.2 1.0 16% 1.7
CSO 003 7:8 7.2 0.2 3% 1.4
CSO 002 9.4 7.3 2.0 22% 2.4
CS0 024 8.6 8.5 0.1 1% 1.9
CSO 009 1.2 1.2 0.1 6% 0.3
CS0O 010 3.1 4.5 1.4 44% 1.7
CSO o012 4.0 3.8 0.2 4% 0.7
CSO 013 0.2 0.2 0.0 13% 0.1
CSO 014 1.9 21 0.2 9% 0.5
CSO 015 2.1 2.7 0.6 29% 1.0
CSO 016 0.6 0.6 0.0 2% 0.2
CS0 018 0.2 0.3 0.1 70% 0.1
CSO 019 0.2 0.4 0.1 56% 0.1
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EXHIBIT 6
Calculated Dry Weather Flow Compared to Data for May 21-22, 2007 at Short-
term Flow Monitoring Program Locations

Flow (mgd) Average Difference
Flow
Meter Data Model (mgd) Flow (%) RMSE

CS0O 021 8.4 1.3 2.9 34% 3.8
East lves 5.7 7.2 1.5 27% 1.9
WLM 4.2 2.0 2.2 52% 2.2
Ferry 2.3 2.1 0.3 12% 0.5
Canal 0.6 1.4 0.8 126% 0.8
NH-04 0.6 0.6 0.0 3% 0.2
NH-11 3.4 3.2 0.2 7% 0.6
NH-12 1.7 2.4 0.7 43% 0.8

Average: 0.6 25% 1.1

Model calculations compare relatively well to dry weather flow data collected during the
Short-term Monitoring Program. Typically, model calibrations target calculations to be
within 5% or 1 mgd of data. A majority of the average differences between calculations and
data are less than 1 mgd, averaging 0.6 mgd overall. The average differences on a percent
basis vary widely, some exceeding 100%; however, the higher differences occur at low-flow
locations were there is a higher sensitivity to the differences on a percent basis. Overall, a
majority of the RMSE was calculated less than 1.0 mgd, with an overall average of 1.1 mgd.
Select dry weather verification comparisons for several monitoring locations are provided in
Attachment 1.

Past data documented in LTCP technical memoranda (#3 and #7) indicate that historical
WPAF dry weather flow varies between 29.5 mgd during dry seasons to 42.1 mgd during
spring with full moon tides. Observed dry weather flow during this period exhibited
differences compared to the LTCP effort in base flow and diurnal characteristics, and may
be considered typical of current overall system performance. These differences may have
been caused by changes made to the collection system since the LTCP effort including the
Authority’s sewer separation projects but also other infiltration/inflow-control efforts being
made region wide. Dry weather flow is a small percentage of wet weather flow, especially
during extreme events. The dry weather flow can be investigated further, but it would
require a large effort compared to the small benefit to this model evaluation. In
consideration of the small variability in base flow, the small percent difference between
calculated and observed flow at the WPAF, and with limited time to perform a recalibration,
the base sanitary flow specifications in the model were not modified to improve the dry
weather flow calculation for this analysis.
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EXHIBIT 8
Wet Weather Flow Verification at WPAF for May 16, 2007

WPAF Wet Weather Verification - May 16, 2007
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Overall, model calculations of flow at the WPAF compare relatively well to data. The
timing of the event and response at the WPAF indicate that time-of-travel is simulated
accurately between the collection system, force main conveyance, and the WPAF. The peak
model calculated flow at the WPAF is 79 mgd occurring closely in time to the 84 mgd
observed. Increasing flow at the beginning of the storm was not calculated compared to
data. Rainfall was recorded at other rain gages an hour earlier than that used for modeling
with the data at RG-1; some but not all gages recorded higher overall rainfall volumes. This
difference can be attributed to local variations in the storm pattern amongst tributary areas.
Model calculations of flow recovery back to the dry weather flow track closely with the
data.

Model calculations compare relatively well to data at the pump stations and meters. Peak
flows, timing, and recovery to dry weather flow track closely with the data. Similar to that
seen in the WPAF data, increasing flow at the beginning of the storm was not calculated
compared to data at many locations, which an be attributed to local variations in the storm
pattern amongst tributary areas.

Event 2 - May 31, 2007

The rainfall recorded during the wet weather event on May 31, 2007 varied from 0.28 to 0.71
inches, over approximately seven hours with a peak 60-minute intensity of 0.55
inches/hour, which is a storm with less than a 2-month return period. The peak flow
recorded at the East Shore WPAF was 60 mgd. Exhibit 9 presents flow calculations
compared to data recorded at the WPAF for the event. Comparisons of model calculations
to data for the pump stations and meters are provided in Attachment 2.

NJO/NH MODEL VERIFICATION FINAL.DOC 1"

GNHO0016-135



MODEL PERFORMANCE VERIFICATION

EXHIBIT 9
Wet Weather Flow Verification at WPAF for May 31, 2007

WPAF Wet Weather Verification - May 31, 2007
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Model calculations varied from data at the WPAF and pump stations. The rainfall recorded
at the RG-1 varied from other gages within the overall range of 0.28 to 0.71 between all
seven gages. Although a peak rainfall was recorded early in the morning on June 1 at other
locations, none were as high as that recorded at RG-1. Recorded total rainfall amounts
during this event at the seven gages are as follows:

* Boulevard Pump Station (RG-1) - 0.71 inches
Boulevard Pump Station (RG-2) - n/a
Boulevard Pump Station (RG-3) - 0.33 inches
Tweed Airport - 0.60 inches

RWA Whitney - 0.28 inches

RWA Furnace Pond - 0.32 inches

RWA Dawson - 0.28 inches

The effects of these variations were observed in the data at the WPAF, pump stations, and
meters. Initial increases in flow are calculated throughout the system but were not observed
in the data. Later in the event, a peak was not experienced at the WPAF, although there was
a noticeable increase in flow in the data for the Boulevard Pump Station, which corresponds
with the data observed at RG-1. Overall, the conclusions that can be drawn from this event
verification are that varying rainfall patterns within the service area have significant impact
on system responses. Model simulations of events such as these should utilize more than
one rainfall hyetograph to simulate localized patterns and more accurately calculate
responses. A detailed rainfall analysis and additional simulations to improve model
performance with this event would not be cost-effective for the purposes of this analysis.
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Event 3 - June 3-4, 2007

The rainfall recorded during the wet weather event on June 3-4, 2007 varied from 2.17 to
2.78 inches, over approximately 22 hours with a peak 60-minute intensity of 0.65
inches/hour, which is a storm with a return period between six months and two years. The
peak flow recorded at the East Shore WPAF was 79 mgd. This was the largest volume event
of the three verification events, although the peak observed flow was smaller than that for
the first event, which was 84 mgd. Exhibit 10 presents flow calculations compared to data
recorded at the WPAF for the event. Comparisons of model calculations to data for the
pump stations and select meters are provided in Attachment 2.

EXHIBIT 10
Wet Wealher Flow Verification at WPAF for June 3-4, 2007

WPAF Wet Weather Verification - June 3-4, 2007
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Overall, model calculations of flow at the WPAF compare relatively well to data, although
peak flows are over-calculated. The timing of the event and response at the WPAF indicate
that time-of-travel is simulated accurately between the collection system, force main
conveyance, and the WPAF. However, the peak model-calculated flow at the WPAF is 97
mgd compared to the 79 mgd observed. This difference can also be attributed to local
variations in the storm pattern amongst tributary areas; the rainfall recorded at RG-1 was
actually less than other locations but peak intensities at RG-1 were higher than others except
RG-3. Recorded total rainfall amounts during this event at the seven gages are as follows:

e Boulevard Pump Station (RG-1) - 2.21 inches

* Boulevard Pump Station (RG-2) - n/a

* Boulevard Pump Station (RG-3) - 2.78 inches

* Tweed Airport - 2.17 inches

e RWA Whitney - 2.28 inches
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¢ RWA Furnace Pond - 2.25 inches
¢ RWA Dawson - 2.60 inches

Model calculations of flow recovery back to the dry weather flow track closely with the
data.

Similar to that experienced for the WPAF, model calculations compare relatively well to
data at the pump stations and meters, although peak flows are over-calculated at several
locations while closely matching the data at others. The timing and recovery to dry weather
flow track will with the data. The flow at Boulevard Pump Station is over-calculated while
East Street Pump Station flows are under-calculated. These two pump stations share the
same force main. The pumps at the Boulevard Pump Station are rpm-limited. This is
accounted for in the hydraulic model, although an adjustment could be made in the model
settings for this and other parameters to improve the accuracy of the flow calculation at a
later time.

Conclusions and Recommendations

The purpose of the Model Performance Verification is to evaluate model performance to
verify that the hydraulic model reflects current conditions when evaluating engineering
alternatives for the Wet Weather Preliminary Engineering project. Flow and rainfall data
were compiled from the Short-term Flow Monitoring program. A rainfall analysis was
performed to identify one dry weather and three wet weather events that occurred during
the recent flow-monitoring period to use for model performance evaluations. The Existing
Conditions scenario of the New Haven collection system hydraulic model was used to
simulate flow conditions during the four events. Model calculations were compared to data
for evaluating and verifying model performance.

The hydraulic model simulates sewer separation, tank construction, regulator modifications,
pump station improvements, and other Short-term and Long-term Control Plan actions the
Authority implemented since LTCP development. An initial assessment of model
calculations compared to data for the dry weather and three wet weather events showed
that it was necessary to update the hydraulic model to reflect existing conditions before
proceeding with wet weather preliminary engineering. Model parameters were somewhat
adjusted to update and improve the accuracy of the model.

The model currently simulates dry weather characteristics reasonably well. Model
performance in simulating the wet weather events varied in accuracy. The three wet
weather events varied in size, duration, intensity, and pattern. System responses, peak
flows, time of travel, and other event characteristics are calculated reasonably well when
rainfall data is applied locally. Collection system capacity and conveyance is simulated well
with the model. Flow monitoring and data collection at the WPAF and pump stations
proved valuable for the analysis.

The model assessment and verification indicated that changes in the collection system have
altered the way in which the system is reacting to wet weather events since the LTCP was
developed. The Authority’s hydraulic model has been updated to accurately simulate
Existing Conditions, which can be used for preliminary engineering.
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The following are observations and recommendations on rainfall and flow data collection
for ongoing and future analyses:

e Rainfall is currently recorded at Tweed Airport and also monitored by the RWA at
several locations in the service area. These data sources are sufficient for analyzing
general rainfall patterns and characteristics, although only available on an hourly basis.
Supplemental, local rainfall monitoring as that performed during the short-term
monitoring program with shorter intervals should still be performed during future
monitoring and modeling work.

e SCADA data is collected at the WPAF and pump stations, although it had to be
compiled and transcribed for this analysis. Data recording should be automated at all
locations to facilitate analysis with shorter recording intervals of 30 or 15 minutes.

* The Union Street Pump Station does not have automated data collection, although a
metering program was performed preceding this analysis. SCADA monitoring and data
compilation should be automated at this station as soon as possible and included in
future pump station modifications.

* Pump station data appeared erratic during dry and wet weather periods. The meters
should be checked to verify that they are accurately recording flow at low- and high-
flow conditions and for on/ off operation of the pumps.

e SCADA data for WPAF flow is only available from that recorded at the chlorine contact
basin for effluent monitoring. Additional automated data collection should be installed
for the WPAF influent and other locations in the process train for system and WPAF
performance evaluations.

* Monitoring and modeling should be performed regularly following major collection
system modifications to maintain model accuracy.

The hydraulic model has been updated to accurately represent existing conditions, and to
have a more current tool. Model accuracy could be improved for future planning and
design with additional actions as follows:

e Perform a detailed long-term analysis of dry weather flow throughout the system to
improve dry weather flow calculations.

® Apply localized rainfall data amongst the tributary areas for improved runoff and
system response calculations.

* Further analyze pump station performance parameters such as on/ off controls and
pumping performance at varying levels of dynamic head to refine flow calculations.

e Further analyze and refine model calculations for the Boulevard and East Street Pump
Stations to better calculate flow in their shared force main.

e Further analyze flow data downstream of sewer separation projects to confirm runoff
parameter modifications made to simulate the projects.
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DRY WEATHER FLOW VERIFICATION
Pump Stations
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WET WEATHER FLOW VERIFICATION
Pump Stations - Event 2, May 31, 2007

Boulevard Pump Stallon Wel Weather Verificatien - May 31, 2007 Quinnipiac Pump Statlon Wet Weather Veritication - May 31, 2007
“© _ - — L 100 1 060
=o=Datn -o-m
} o080 e 050
1 w— Rariad L
l i '° i
] 040 LX)
E ! § &0
w4 0% & 00 &
Iy i L. i
| oxm 02
10 ; g
| a0 ER \'\f\I\J (X3
ok Ll o (] o0 Il 000
1200 1800 o0 800 1200 12:00 1800 aco 1200
Time (May 31 - June 1, 2007) Tima (May 31 - June 1, 2007)
Easi Street Pump Stallon Wel Wealhers Veritlcatlon - May 31, 2007 Morris Cove Pump Sistion Wet Waalhar Verilication - May 31, 2007
20 I o0
—Oata |
| fomg
F
| i
g 190 i 0% §
el
0 \-\/‘\\ ;
l . o 10
1 it .
120 1800 aoo 8.00 IﬂOO
Tima {lay 31 - Juna 1, 2007) Time (May 31 - June 1,2007)
Barnes Pump Blation Wal Weather Verification - May 31, 2007
50 -| 060
—~Dam
——Model
- | Raintet 080 E
040
i 20
- 0% &
L ]
- 020
p \’[ 1{f—‘ i
_\—\_/ﬁ|‘ 010
a0 Ll s 000
1200 w00 a00 a0 1200
Time (May 31 - June 1, 2007
NJO/NH MODEL VERIFICATION FINAL.DOC 23

GNH0016-143



MODEL PERFORMANCE VERIFICATION

WET WEATHER FLOW VERIFICATION
Pump Stations ~ Event 3, June 3-4, 2007
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Quinniplac Pump Station Wet Weaiher Veritication - June 3-4, 2007
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TECHNICAL MEMORANDUM - TASK 5 CH2MHILL

Greater New Haven Water Pollution Control Authority

Wet Weather Capacity Improvements - Hydraulic
Model Update

Hydraulic Analysis: Long-term and Extreme Event
Simulation

PREPARED FOR: GNHWPCA
PREPARED BY: CH2M HILL

DATE: September 13, 2007
PROJECT NUMBER: 350590
Introduction

During recent modeling activities to support Preliminary Engineering for Wet Weather
Capacity Improvements, it was found that the planning-level hydraulic modeling scenarios
previously developed to support the Greater New Haven Water Pollution Control
Authority (“the Authority”) Long-term Control Plan (LTCP) no longer reflects the collection
system as it exists today. In the time since development of the LTCP model in 1997, several
changes have occurred in the New Haven collection system, such as sewer separation
projects, regulator modifications, and conventional growth and development. The
Authority is conducting a Hydraulic Model Update task to update the model, verify that it
accurately represents existing conditions, and to have a more current tool for evaluating
engineering alternatives for its Wet Weather Preliminary Engineering project.

Several model update efforts are now completed. The Authority’s hydraulic model was
updated to reflect 2007 existing conditions in the collection system, as described in the
August 1, 2007 Hydraulic Model Improvements technical memorandum. A monitoring
program was conducted in May and June 2007 and documented in the Short-Term Flow
Monitoring Program technical memorandum, dated August 16, 2007. The model was
evaluated and adjusted to accurately simulate existing conditions, which was documented
in the Model Performance Verification technical memorandum, dated September 13, 2007. The
Model Performance Verification included recommendations to improve model accuracy, but
the Existing Condition model was verified as accurate for hydraulic analyses. The purpose
of this technical memorandum is to document the preparation and execution of model
scenarios for the two-year design storm, an extreme event simulation, and a long-term
analysis consistent with regional permit-related efforts and the federal CSO Control Policy.
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Hydraulic Model Scenarios

The goal of the Hydraulic Model Improvements subtask is to prepare an updated hydraulic
model suitable for continued planning purposes, with the following scenarios:

e 2007 Existing Condition - represents the collection system as it exists today;

e 2007 STCP Conditions - represents 2007 Existing Conditions with the addition of all
STCP recommendations as defined in the LTCP Final Report (CH2M HILL, 2001) with
some modifications as documented herein; and,

e 2007 LTCP Conditions - represents 2007 Existing Conditions with the addition of all
STCP and LTCP recommendations as defined in the LTCP Final Report (CH2M HILL,
2001) with some modifications as documented herein.

2007 Existing Conditions Model

Several steps in the construction of the 2007 Existing Conditions Model were documented in
the previous technical memorandums. Collection system information and data was
compiled on sewer separation projects, pump stations, cross connections, CSO regulators
and outfalls, and the construction and operation of the Truman Tank. The Existing
Conditions Model was then constructed to represent the Authority’s collection system as it
operates currently. One dry and three wet weather events were selected for model
assessment and verification. The assessment indicated that system hydraulics has changed
and additional adjustments were required to improve model accuracy. The model was then
verified as accurate for performing hydraulic analyses.

Short-Term Control Plan Model

The Short-term Control Plan Model (STCP Model) includes the projects that were
recommended as part of the STCP that have been either built as of 2007 or are planned to be
built. The STCP model contains many of the same updates as the Existing Conditions
model. In order to compare performance measures between the Authority’s STCP, LTCP,
and the Existing Condition, the STCP Model did not include some elements of the Existing
Condition model. For instance, to maintain consistency with the STCP, the STCP Model
does not include the Truman Tank because the tank is a LTCP recommendation.

Long-Term Control Plan Model

The Long-Term Control Plan Model (LTCP Model) includes the projects that were
recommended in the LTCP. The LTCP Model contains many of the same updates as the
2007 Existing Conditions model, including the Truman Tank. Modifications were made to
the model to simulate additional LTCP elements, such as pump station capacity increases,
conveyance improvements, and additional storage tanks. The following describes the pump
station recommendations and model settings:

e The Boulevard Pump Station capacity was recommended to be increased to operate with
a maximum capacity of 14.4 mgd for each pump in the current 3+1 manner with three of
the pumps available for operation and one held in reserve for emergency situations.
This is a maximum operating capacity of 43.2-mgd, compared to 34.6 mgd in the
Existing Conditions model.
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¢ No changes were recommended in the LTCP for the Union Street Pump Station.
However, the original LTCP effort used a maximum capacity of 19 mgd at the pump
station, based on information available at the time. The Existing Conditions included an
update of the Union Street Pump Station representation to simulate it with its actual
maximum capacity of 22.2 mgd. The 22.2-mgd capacity was used in the LTCP Model.

¢ Following an LTCP recommendation, the Long Wharf Pump Station capacity was
increased from 1.0 mgd to 3.2 mgd.

e The East Street Pump Station capacity was recommended to be increased by 17 mgd
above the existing condition of 42.8 mgd. Therefore, the maximum operating capacity of
the pump station is 62.7 mgd in the LTCP Model.

Conveyance updates were also included in the LTCP Model. Pipe diameters were increased
to 2.5 feet along Ramsdell Street to help alleviate street flooding and sewer backups, and a
parallel relief sewer was added along Whalley Road. CSO 006 was modified to divert more
flow to a storage facility instead of towards the overflow. The pipe diameter at CSO 013
was increased to 4.5 feet and several pipe diameters were increased along Chapel Street
from 1.0 feet to 2.0 feet. CSO 019 (N. Front/Pine) was also removed from the model to
correspond with the LTCP recommendation to eliminate it.

The original hydraulic model used during development of the LTCP did not simulate the
recommended storage tanks. Rather, tank recommendations were sized to capture the
calculated overflow volume remaining with other alternatives for the 2-year design storm.
This modeling effort only simulated the Truman Tank based on the Existing Conditions
Model. Post-simulation calculations were made on overflows where storage is
recommended to account for CSO control attained by the recommended tanks that capture
100 percent of the 2-year design storm. Total overflows were reduced by the recommended
tank size and added to WPAF volume treated assuming that all captured volumes will be
drained and treated.

Two-Year Design Storm Hydraulic Analysis

The two-year design storm was simulated to analyze the effectiveness and benefits of the
Short-Term and Long-Term Control plans and the 2007 Existing Conditions using the LTCP
planning event. The LTCP event is a 2-year design storm has a 50 percent likelihood of
occurring in any given year. The precipitation occurs over 6 hours, with a peak intensity of
2.15 inches/hour occurring over 15 minutes, and a total volume of 2.05 inches, as illustrated
in Exhibit 1. The order of the analysis is the STCP, Existing Conditions, and LTCP.
Comparisons are made to the STCP as a baseline since the Existing Condition reflects all
elements of the STCP plus the Truman Tank, thus showing the benefits at this stage of
implementing the STCP/LTCP. Exhibit 2 summarizes the results of the 2-year design storm
analysis.
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EXHIBIT 1

Rainfall Hyetograph for 2-year Design Storm Hydraulic Analysis
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EXHIBIT 2

Collection System Performance and WPAF Treatment Benefits for the 2-year Design Storm Hydraulic Analysis
Comparisons are made using the STCP as a baseline condition.

T T R Rt LEed LAt AL R AL B AReaRa T e ene
18:00:00 200000 220000 00.0000 02:00:.00 04:00.00 06:00.00
10-1-2050

Short-Term 2007 Existing Long-Term
Performance Measure Control Plan Condltions Control Plan
Boulevard Pump Station Peak Flow (mgd) 33.6 33.2 36.4
East St. Pump Station Peak Flow (mgd) 27.3 27.3 30.9
Union St. Pump Station Peak Flow (mgd) 22.2 22.2 32.3
WPAF Poak Flow (mgd) 109 113 121
WPAF Volume Treated (MG) 45.3 46.3 99.3"
Volume Treated Improvement - 2% 119%
CSO Overilow Volumes:
West River (MG) 24.0 19.7 o*
Beaver Ponds (MG) 0.15 0.16 (0
Mill River (MG) 14.2 14.2 0*
Quinnipiac River (MG) 8.10 7.43 i
New Haven Harbor (MG) T 1.1 [0
Total 57.7 52.7 0*
Overflow Capture Improvement 9% 100%*

*LTCP recommends evaluations and design to construct tanks to eliminate overflows. Captured volumes

would be treated at the WPAF.

NJOINH HYDRAULIC ANALYSIS-FINAL.DOC

GNHO0016-149



HYDRAULIC ANALYSIS: LONG-TERM AND EXTREME EVENT SIMULATION

EXHIBIT 4
Pump Station and WPAF Performance During an Extreme Event
Using the 2007 Existing Conditions Mode!

Exlisting Maximum
Pump Capacity Peak Calculated Flow

Location (mgd) (mgd)
Boulevard Pump Station 34.6 32.1
East Street Pump Station 429 34.0
Union Street Pump Station 22,2 222
East Shore WPAF 141.8

The pump station calculations indicate that the Boulevard and Union Street Pump Stations
are reaching their maximum existing capacity. The calculation for the East Street Pump
Station shows that maximum conveyance is not being achieved. This may be due to a
model calculation issue that was revealed during the model verification. Additional
analyses and model adjustments were recommended to improve the accuracy of the
Boulevard and East Street Pump Station simulation. Since the force main goes directly to
the WPAF, with model adjustments the combined pumping from the two stations should be
calculated to be greater than the combined 36.1 mgd shown above, also increasing WPAF
peak flows, by 11.4 mgd.

This simulation also shows that a large increase in peak flow is being calculated at the
WPAEF. The 2-year design event simulation with the 2007 Existing Conditions model
calculated a peak treatment flow of 112.7 mgd. The calculated extreme event peak flow of
141.8 mgd is 25.7% greater than what is reached during a 2-year event. This indicates that

there is additional capacity in the system that can be used to maximize conveyance, improve
CSO capture, and reduce overflows.

Long-Term Hydraulic Analysis

The City of New Haven was the first combined sewer overflow (CSO) permittee in the State
of Connecticut to have an approved LTCP, in 2001. The Authority was instructed to
develop a LTCP to achieve 100 percent CSO control of the 2-year design storm condition.
However, the design condition is not sufficient to evaluate overflow frequency and volume
on a “typical year” basis, as defined and recommended in the federal CSO Control Policy.
As such, the Authority performed a long-term analysis using an average year for
consideration in LTCP development; using the 1967 rainfall record at Tweed Airport. This
long-term hydraulic analysis updated the long-term analysis to develop a current tool to
evaluate and implement LTCP alternatives, and make it consistent with permit-related
issues and the federal CSO Control Policy. Calculations made for this analysis should be
considered preliminary since additional model work would be required to refine the
analysis to a planning level tool for detailed planning.

The 2-year design storm is a short duration, high intensity event that challenges the system
to convey an extreme flow over a very short period of time. This type of event provides a
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good indication of how the system reacts dynamically under an extreme condition.
Planning to a single design event is a common engineering practice for designing
conveyance and treatment to achieve a performance objective, such as controlling the 2-year
design storm. However, a single event does not necessarily provide an opportunity to
adequately analyze the benefits of maximized storage, conveyance, and treatment
alternatives for sustained or multiple events. A single event does not facilitate an
assessment of the frequency of overflows, which is also a consideration for LTCP
development. Therefore model simulations were performed using a long-term period of
wet weather to further quantify the benefit of the STCP/LTCP throughout the system.

Collection system CSOs and the WPAF discharge to waters tributary to Long Island Sound.
Long Island Sound (LIS) is an impaired waterbody that has a Total Maximum Daily Load
(TMDL) assigned to it limiting total nitrogen discharges. The TMDL is based on long-term
mathematical modeling simulations. The Authority has WPAF permit limits for total
nitrogen based on the TMDL. The current LIS modeling tool is being updated to simulate a
typical year similar to that being used by the New York/New Jersey Harbor Estuary
Program for its TMDL calculations. Future TMDL requirements will be based on this
typical year. Therefore, it was selected as the long-term condition for this analysis.

The typical year being used for the LIS TMDL and other TMDL and LTCP planning efforts
is the hourly rainfall record recorded at John F. Kennedy International Airport (JFK) in 1988.
This typical year was originally selected by the New York City Department of
Environmental Protection (NYCDEP) for its LTCP development and is also specified for
LTCP development by the State of New Jersey. The year 1988 JFK rainfall record was
selected as a typical year by the NYCDEP based on total rainfall, average event volume and
intensity, frequency of events, and other statistical measures. The year had 40.7 inches of
rainfall over more than 50 wet weather events. Exhibit 5 illustrates the rainfall hyetograph
for the 1988 JFK rainfall record.
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EXHIBIT 5
Typical-year Rainfall Hyetograph for Long-term Hydraulic Analysis
Hourly Rainfall Recorded in 1988 at John F. Kennedy International Airport
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There are a large number of nodes and pipes in collection system hydraulic model. A
calendar year simulation requires more than 24 hours of simulation time to execute. The
typical year had over 50 wet weather events. Therefore, the simulation split the rainfall
record into discrete 52 events; stripping out events of minor rainfall that would not be
expected to induce an overflow. A summary of long-term simulation results are listed in
Exhibit 6 for a number of perfo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>